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CHEMICALS AND FOOD PROCESSING 


With the interest in new 
chemicals proposed for use in the prepara- 
tion or processing of foods, it may be ad- 
visable to emphasize the role that nutrition 
should play in evaluating these compounds. 
The present methods of toxicology are 
designed for determining the acute and 
chronic toxicity of a compound under 
optimal dietary conditions. There is a 
possibility that these methods may not be 
adequate for the proper evaluation of foods 
or food products. Some chemicals used in 
food processing are not detectable in the 
food after treatment but alter the nutritional 
quality of the food. The action of these 
chemicals may leave a “nutritional or chemi- 
cal imprint”’ upon the food. 

The usual procedure in the toxicologic 
study of a compound that is being con- 
sidered for use in the processing or prepa- 
ration of food is to study the physiologic 
effects of the compound itself. A recent 
publication prepared by members of the 
staff of the Food and Drug Administration 
(A. J. Lehman et al., Food, Drug, Cosmetic 
Law Journal 10, 679 (1955)) proposes that 
the action upon the body of the pure com- 
pound be determined. The first studies 
should be with animals receiving large 
enough doses of the compound to produce 
death or detectable symptoms within a 
short period of time. Simultaneously, 
smaller doses should be fed to other animals 
in order to determine whether any changes 
result from the long-time ingestion of the 
compound. The primary emphasis in the 
above report is placed upon a study of the 
pure substance and its actions on the body. 

Although the above procedures are neces- 
sary, they may fall short of covering all 
contingencies. Experience in the past has 
shown that certain compounds used in 
food processing may not be present after 
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processing, but they have left a nutritional 
imprint upon the food by altering some 
components therein. If the classic toxicologic 
procedures had been used, the action of these 
substances would not have been detected. 
One substance that leaves a nutritional 
imprint upon foods is ethylene oxide. Cur- 
rently this compound is being used for the 
fumigation of spices and a few other foods 
that are of relatively minor nutritional 
importance. Recent work indicates that 
before the use of this gas is extended to 
other foods a study should be made to 
determine whether any changes in nutri- 
tional value result from the procedure. 
The original report on the deleterious 
effects of ethylene oxide on purified rations 
showed that rats grew very poorly and 
died within four to five weeks (E. A. Hawk 
and O. Mickelsen, see Nutrition Reviews 
14, 55 (1956)). Chemical analysis indicated 
that a large fraction of the thiamine in the 
ration was destroyed by exposure of the 
diet to ethylene oxide. Additional work 
indicates that a fair amount of riboflavin, 
niacin, pyridoxine and folacin may also be 
destroyed (H. Bakerman et al., J. Agr. 
Food Chem. (4, 956 (1956)). There is also 
some evidence that histidine and methi- 
onine are destroyed under similar circum- 
stances (H. G. Windmueller and R. W. 
Engel, Fed. Proc. 15, 386 (1956)). 
Trichloroethylene has been used oc- 
easionally for the extraction of oil from 
soybeans. This solvent is far safer than 
hexane from the standpoint of fire hazard. 
However, trichloroethylene-extracted soy- 
bean meal is toxic to some animals. As early 
as 1916,8. Stockman (J. Comp. Path. Therap. 
29, 95 (1916)) noticed that cattle showed 
signs of toxicity when fed trichloroethylene- 
extracted soybean oil meal. 
That the toxicity of the trichloroethylene- 
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extracted soybean oil meal is not due to the 
solvent itself was shown by Stockman 
(Ibid.) and by W. R. Pritchard et al. (quoted 
by T. A. Seto and M. O. Schultze, Proc. 
Soc. Exp. Biol. Med. 90, 314 (1955)), who 
fed relatively large amounts of the compound 
to calves without any harmful effects. 

Cattle, calves and horses fed sufficient 
amounts of trichloroethylene-extracted soy- 
bean oil meal develop aplastic anemia and 
a fatal hemorrhagic syndrome. Other species 
are more resistant to the toxic factor and 
do not show the blood dyscrasia observed 
in cattle, although the guinea pig, the dog 
and the chicken (D. F. Eveleth and A. I. 
Goldsby, J. Am. Vet. Med. Assn. 123, 38 
(1958)) are also affectéd by it if fed high 
levels for long periods of time. 

The production of trichloroethylene- 
extracted soybean oil meal has been dis- 
continued. 

Also included in the above group of com- 
pounds are many of the primary, secondary 
and tertiary amines. At present there is no 
evidence that these solvents are being used 
in the treatment of food. The study of the 
action of these compounds upon food prod- 
ucts resulted from an attempt to extract 
material from soybean meal which inhibited 
the action of a number of antimalarial 
compounds (D. J. Taylor and J. Greenberg, 
Proc. Soc. Exp. Biol. Med. 90, 551 (1955)). 
The residual soybean meal was fed to chicks 
at a level of 50 per cent. Death resulted 
within ten days (J. Greenberg et al., in 
press). Lower levels of the meal produced an 
inhibition in growth. That the amine itself 
was not the toxic agent was shown by feed- 
ing one half of one per cent of the solvent 
in a diet composed of purified ingredients. 
In addition to soybean meal, cottonseed 
meal and, to a lesser extent, black-eyed peas 
that have been extracted with the amines 
are toxic to chicks. The amine-extracted 
meal inhibits the growth of rats and guinea 
pigs as well as chicks. The cause of the 
toxicity of the amine-extracted meal is still 
unknown. 
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Related to the above materials discussed 
in their effects on food values are sulfur 
dioxide used in the drying of some fruits, 
and ionizing rays which are being proposed 
for the “‘cold”’ sterilization of foods (Nutri- 
tion Reviews 13, 193 (1955)). That destruc- 
tion of vitamin A, thiamine, riboflavin, 
pyridoxine, vitamin By, ascorbic acid, 
niacin and proteins may occur as a result of 
irradiation of foods is recognized as one of 
the newer problems of food safety (F. A. 
Vorhes and A. J. Lehman, Pub. Health 
Reports 71, 571 (1956)). Here, as in the pre- 
ceding illustrations, the food contains no 
detectable “residue” of the agent used in 
treating the food but a change has occurred 
in the nutritional quality of the food. This 
change can be detected only by supple- 
menting the usual toxicologic technics by 
nutritional studies. 

Nitrogen trichloride is no longer used in 
processing foods, but it is a compound 
known to leave a nutritional imprint on 
foods. It wasn’t until 1946 that Sir Edward 
Mellanby (see Nutrition Reviews 6, 184 
(1947)) showed that when dogs were fed a 
ration composed largely of ‘“agenized’’ 
flour, they developed neurologic disturbances. 
These could be overcome by feeding extra 
amounts of methionine, as shown by L. 
Reiner, F. Misani, and P. Weiss (see Nutrition 
Reviews 8, 170 (1950)). The milling industry 
voluntarily petitioned the Food and Drug 
Administration for permission to use chlorine 
dioxide in place of nitrogen trichloride 
(Federal Register, Nov. 27, 1947). This 
change was made even though there was no 
evidence that man was adversely influenced 
in any way by “agenized”’ flour. 

The above changes resulting from the 
treatment of foods with chemicals can best 
be determined by established nutritional 
procedures. These include assessing the 
adequacy of the food after processing for 
normal growth, reproduction and longevity 
in a variety of animal species. 

Fortunately, there is no evidence that 
any of the above conditions has had any 
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deleterious effects in human beings. They 
do, however, emphasize that when a chemi- 
cal is proposed for use in the processing or 
preparation of foods, the food itself after 
processing should be studied from a nutri- 
tional standpoint. There is a real possibility 
that although the compound may no longer 
be present in the food after treatment it may 
have altered the nutritional value of the 
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food and thus have left a nutritional im- 
print thereon. 


OuLAF MICKELSEN 

Laboratory of Biochemistry and Nutrition. 

National Institute of Arthritis and 
Metabolic Diseases 

National Institutes of Health 

Bethesda, Maryland 


VITAMIN E DEFICIENCY IN MAN 


Evidence of vitamin E deficiency in a 
patient with xanthomatous biliary cirrhosis 
has been reported by C. W. Woodruff (Am. 
J. Clin, Nutrition 4, 497 (1956)). 

The patient, a middle aged woman who 
had been on a low fat diet for over three 
years, was subsequently studied at in- 
tervals over a period of four years, and 
nearly continuously during two years of 
that time. Initial observations, after she 
had consumed a test meal of milk fortified 
with vitamin A and a-tocopherol, revealed 
impairment of the ability to absorb fat 
and vitamins A and E from oily preparations. 
Glucose and a water-dispersed preparation 
of vitamin A appeared to be absorbed 
normally, but no tocopherol could be de- 
tected in the serum even after a test dose of 
600 mg. of a-tocopherol administered with 
bile salts or Tween 80 (a surface active 
agent). 

Following these initial observations the 
patient was continued on a low fat, high 
protein diet and was given daily 100 mg. 
of a-tocopherol emulsified in Tween 80. 
This was continued for almost 10 months, 
after which the a-tocopherol medication was 
replaced for a futher 9 months by a placebo 
of Tween 80 in water. During this entire 
period serum total tocopherol levels, urinary 
excretions of creatine, creatinine, pentose, 
and hydrogen peroxide hemolysis measure- 
ments were made. 

When treatment was started, the bio- 
chemical picture of the patient was char- 


acterized by the absence of tocopherol from 
the serum, by a creatinuria of about 25 
per cent of the total creatinine, and by the 
presence of a pentose complex in the urine. 
After 3 months of treatment with 100 
mg. of a-tocopherol daily, plus the 4 doses 
of 600 mg. each during the absorption trials 
at the beginning of the period, serum 
tocopherol was still not measurable but the 
creatinuria and pentosuria disappeared. The 
administration of a single test dose of 1000 
mg. of a-tocopherol at this time failed to 
change the serum tocopherol level. However, 
after another 3 months of treatment the 
serum tocopherol level had risen to 0.35 
mg. per cent. There was some creatinuria 
during this time. 

During the period in which a placebo was 
substituted for the tocopherol preparation 
the pentosuria reappeared, the creatinuria 
increased substantially, and the serum 
tocopherol level fell to 0.05 mg. per cent. 
Hydrogen peroxide hemolysis of red cells 
also increased. A specimen of subcutaneous 
fat removed at this time contained less 
than 0.3 mg. of tocopherol per 100 g. in 
contrast to the normal value of 9 mg. per 
100 g. A muscle biopsy showed extreme 
muscular atrophy, but neither leukocytic 
infiltration nor deposition of ceroid pigment 
was evident (Nutrition Reviews 7, 302 (1949)). 
The observations on muscle were not char- 
acteristic of those seen in experimental 
animals in vitamin E deficiency. 
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After this depletion period the patient 
received 250 mg. of a water-soluble a- 
tocopherol preparation intramuscularly fol- 
lowed, 2 days later, by 2.1 g. of the same 
preparation orally. This brought about a 
transient disappearance of the creatinuria 
and a transient rise in serum tocopherol 
level. The pentose complex continued to be 
excreted. 

In general there was a correlation between 
the severity of the creatinuria and the 
serum tocopherol level throughout this 
study, but it is unfortunate that the 2 
instances in which the creatinuria dis- 
appeared following tocopherol administra- 
tion were apparently represented by single 
determinations. However, the results are in 
agreement with those of H. M. Nitowsky, 
H. H. Gordon, and J. T. Tildon (Bull. 
Johns Hopkins Hosp. 98, 361 (1956)) who 
found that low serum tocopherol levels, 
creatinuria and decreased resistance to 
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peroxide hemolysis in infants with cystic 
fibrosis of the pancreas and biliary atresia, 
were reversed by vitamin E therapy. The 
association of poor vitamin E nutrition with 
defective fat absorption in these patients, 
together with the earlier observations of low 
blood tocopherol levels in patients with 
sprue (W. J. Darby, M. E. Cherrington, 
and J. M. Ruffin Proc. Soc. Exp. Biol. Med. 
63, 310 (1946)), suggests that our knowl- 
edge of the effects of vitamin E deficiency 
in man could be greatly extended by further 
studies on individuals suffering from similar 
conditions. The extensive observations on 
vitamin E-deficient animals (Nutrition Re- 
views 2, 247 (1944); 4, 324 (1948)) would 
provide a sound basis for interesting com- 
parative studies, particularly since the 
basic observations of creatinuria and in- 
creased fragility of red cells are well es- 
tabiished signs of vitamin E deficiency in 
experimental animals. 


AMINO ACID FEEDING IN KWASHIORKOR 


Kwashiorkor, as a public health and 
nutritional problem in many sections of 
the world, has been reviewed earlier (Nu- 
trition Reviews 13, 1 (1955); Ibid 18, 67 
(1955); M. Autret and M. Behar, FAO 
Studies #13 (1954)). One of the methods 
employed to prevent, or correct, kwashiorkor 
is the addition of proper nutrients to the 
diets commonly available in the areas 
where this disorder is prevalent. To do this 
it is essential to know whether the supple- 
mentation should consist of extra nitrogen, 
one or more specific amino acids, calories, 
or, additionally, vitamins, inorganic salts or 
fat. These factors are important if a realistic 
supplementation program is to be under- 
taken in view of the cost, acceptability, and 
general logistics of such a feeding program. 

Recently J. D. L. Hansen, E. E. Howe, 
and J. F. Brock (Lancet II, 911 (1956)) 
have reported a study in which 33 children 


with kwashiorkor were given diets con- 
taining mixtures of purified amino acids as 
their nitrogen source with or without added 
vitamin supplements. Two different diets 
were employed. The first diet had as its 
source of nitrogen a mixture of 18 purified 
amino acids (composition of the mixture 
was based on the amino acid content of 
casein) which accounted for 59 per cent of 
the dry weight of the formula and contained 
30 per cent glucose. The second formula 
contained as its nitrogen source a mixture of 
11 purified amino acids, the 8 essential ones 
proposed by W. C. Rose (Fed. Proc. 8, 
546 (1949)) plus arginine, histidine, and 
tyrosine. In this formula the amino acids 
made up only 15 per cent of the dry weight 
and contained 74 per cent glucose. Both 
diets contained 9.6 per cent salt mixture, 
which supplied the necessary inorganic 
nutrients. According to these investigators 
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the regimen was usually tube-fed the first 
day and later the children took the feedings 
well by either bottle or cup in spite of the 
unpleasant flavor of the mixture. 

A dietary regimen, to be effective in 
treating kwashiorkor according to these 
investigators, must induce the “initiation 
of cure’”’ as defined by Brock et al. (Lancet 
II, 355 (1955)). This consists of the re- 
versal of the downward course of the disease, 
which includes the healing of the skin lesions, 
the disappearance of edema, and an im- 
provement in the appetite in 10 to 21 days. 
Serum albumin concentration usually in- 
creases during this time. Of the 9 children 
who received the formula containing the 
mixture of 18 amino acids plus vitamins, 
5 showed the “‘initiation of cure” response, 
3 had partial responses, and only 1 showed 
no response. Thus, under this —— 
regimen, about 45 of the patients Were 
greatly improved by receiving a diet con- 
taining a mixture of 18 purified amino acids 
plus vitamins. 

When 9 other children were given the 
same amino acid mixture without vitamin 
supplementation, 3 showed the “initiation 
of cure’’ response, 4 had a partial response, 
and 2 had no response. Eight children were 
given the mixture containing 11 amino 
acids plus vitamin supplements; 4 of them 
showed great improvement, 3 had a partial 
response and one showed no improvement. 
However, when the mixture of 11 amino 
acids without vitamin supplements was 
administered to 7 children, none showed the 
‘initiation of cure’’ rate comparable to that 
achieved with skimmed milk by Brock 
et al. While the mixture of 18 amino acids 
induced the “initiation of cure’”’ response in 
56 per cent of the subjects when it was 
accompanied by vitamin supplementation, 
the comparable diet without added vitamins 
was less effective (33 per cent). 

It was of interest, however, that in spite 
of the secondary infection and anorexia 
which accounted for the difference, 3 “ini- 
tiation of cure’ responses occurred despite 
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the vitamin-free synthetic diet employed. 
It should be noted, however, that the small 
number of cases involved in each group 
makes it difficult to determine definitely the 
effectiveness of the different dietary regimens. 
There is little doubt that the formula con- 
taining only the 11 amino acids as the source 
of nitrogen without supplemental vitamins 
is of less value, since it did not cause the 
“initiation of cure’”’ response in any of the 
patients studied, though it did result in an 
improvement of the skin lesions and a loss 
of edema. A high incidence of secondary 
infections was also noted in this group of 
children, though its significance was not 
determined. 

Nitrogen balance studies were carried out 
with 8 of these children. All who received 
the amino acids were in various degrees of 
positive nitrogen balance. It is difficult to 
compare the nitrogen balance data derived 
from the different groups since the nitrogen 
and caloric intakes varied from group to 
group and because of the small numbers of 
patients involved (usually 2 per group, with 
some diets being studied on only 1 child). 

While the nitrogen intake for those 
children who received the mixture containing 
18 amino acids was greater than that for 
the children who received the formula 
containing only 11 different amino acids, a 
single case was studied where the nitrogen 
content of the latter diet was increased by 
adding glycine to the formula. It was again 
found that the nitrogen retention was smaller 
than if the patient had received a diet con- 
taining a mixture of the 18 amino acids. 
Thus it appears that the amino acid pattern, 
rather than the nitrogen content alone, may 
be the limiting nutrient of the diets of 
children in which kwashiorkor develops. 
While the “initiation of cure” response can 
occur in children receiving a mixture of 18 
amino acids as their source of nitrogen. 
much more work must be done before the 
qualitative and quantitative amino acid 
requirements are determined for both the 
prevention and cure of kwashiorkor. 
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EXPERIMENTAL HYPERVITAMINOSIS A IN MAN 


Vitamin A toxicity has been studied in 
experimental animals (Nutrition Reviews 3, 
193 (1945); 5, 49 (1947)) and has been ob- 
served clinically in patients who have 
consumed large quantities of concentrated 
preparations of vitamin A over long periods 
of time (Nutrition Reviews 9, 183 (1951); 
12, 268 (1954)). Recently, R. W. Hillman 
(Am. J. Clin. Nutrition 4, 603 (1956)) has 
reported on the experimental induction of 
hypervitaminosis A in a human subject. 

The subject was a forty-year-old male in 
good heaith whose living habits and diet 
were not standardized during the experi- 
mental periods. In the first test he consumed 
1,000,000 1.u. of vitamin A in an aqueous 
emulsion daily for 13 days, and an additional 
2,000,000 1.u. on the fourteenth and final 
day of the test. In a second test, some 5 
months later, a similar intake was main- 
tained for twenty-five days. Fasting plasma 
vitamin A levels were determined regularly 
throughout both test periods using a spec- 
trophotometric method. Vitamin A ab- 
sorption tests were performed at intervals. 
During the second experimental period 
sedimentation rate, a series of liver function 
tests and dark adaptation studies were 
performed. 

During both test periods there was a 
somewhat irregular, but generally pro- 
gressive, increase in plasma vitamin A 
level from the pre-test figure of 40 to 50 
micrograms per cent to 600 to 700 micro- 
grams per cent after 2 weeks. In the third 
week of the longer test period the plasma 
levels reached 1400 to 1800 micrograms per 
cent. During the absorption test plasma 
vitamin A levels of two- to three-fold the 
fasting values were observed. Vitamin A 
was not detected in the urine. The plasma 
vitamin A levels returned to within the 
normal range a few days after vitamin A 
ingestion was discontinued. Although there 
was a positive correlation between the 
amount of vitamin A ingested and the 


plasma levels, there was little evidence of 
correlation between clinical manifestations 
and the plasma vitamin A level. 

In general, the clinical observations were 
similar to those reported in cases of acci- 
dental poisoning with vitamin A. The 
principal features of these were dermatitis, 
cheilosis, epistaxis (nose-bleed), gastro- 
intestinal disturbances (such as nausea, 
anorexia, and alternating constipation and 
diarrhea), thinning of the hair, visual 
disturbances (spots before the eyes), muscle 
weakness, pain and tenderness over the long 
bones, dizziness, severe headaches and 
increased fragility of the finger nails. 

It is noteworthy that the response in the 
same subject was considerably different, 
both qualitatively and quantitatively, in 
the 2 experimental periods. The first ex- 
perimental period was terminated after 14 
days because of the severity of the reaction 
whereas in the second period the symptoms 
were most severe between the third and the 
tenth days, declining thereafter to remain 
fairly constant throughout the remainder of 
the experiment. This was particularly true 
of the headache and the dermatitis. The 
epistaxis was noted only during the first 
trial. On the other hand, the cheilosis, 
present continuously after the first few days 
in both trials, became increasingly severe 
in the second. The author points out, how- 
ever, that the influence of uncontrolled 
factors, such as apprehension, different 
weather conditions, and mild unnoted in- 
fections, may have contributed to this 
variability. There were neither significant 
changes in the results of liver function tests 
nor in dark adaptation measurements during 
the experimental period. 

It is evident that the ingestion of 1,000,000 
1.U. of vitamin A daily induced symptoms 
within 3 days. However, very little informa- 
tion is given concerning the rate of de- 
velopment of the individual symptoms and 
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the sequence in which they appeared. It 
would seem justifiable in the case of an 
experiment like this, which is not likely to 
be repeated frequently, to include such 
information, particularly in view of the 
difficulty in diagnosing vitamin A toxicity 
(Nutrition Reviews 12, 268 (1954)). 

The author suggests, on the basis of 
previous evidence concerning the limited 
capacity of the body for storage, destruction 
and elimination of vitamin A (C. Neiman 
and H. J. Obbink, Vitamins and Hormones 
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12, 69 (1954)) that the rate of occurrence 
of a given physical effect of vitamin A tox- 
icity might be dependent on both the dose 
and the duration. It would be of value to 
know something about the time required for 
signs of vitamin A toxicity to become evi- 
dent with several dosage levels between 
10,000 and 1,000,000 1.u. daily. The sug- 
gestion of Hillman, that the less severe 
reaction during the second trial is indicative 
of a measure of adaptation, is also worthy 
of further study. 


TOCOPHEROL DEFICIENCY IN INFANTS AND CHILDREN 


For several years it has been known that 
the total serum tocopherol concentration at 
birth is less than it is in normal adults, 
and that premature infants fed partially 
skimmed cow’s milk show a further decrease 
in serum tocopherol concentration while 
breast fed infants do not (Nutrition Re- 
views 9, 336 (1951)).C.S. Rose and P. Gyérgy 
(Am. J. Physiol. 168, 414 (1952)) have ob- 
served that the erythrocytes of vitamin E 
deficient rats were hemolyzed by suitable in- 
cubation with dialuric acid, and that similar 
hemolysis could be produced with hydrogen 
peroxide in the blood of premature infants fed 
cow’s milk mixtures. This furnished another 
possible parameter of tocopherol nutrition. 

H. H. Gordon, H. M. Nitowsky, and M. 
Cornblath (Am. J. Dis. Child. 90, 669 
(1955)) measured the susceptibility to 
peroxide hemolysis of the erythrocytes of 
282 full-term, and 67 newborn, infants 
before feedings were started. Twenty-five 
to 56 per cent of each group of infants 
showed more than 50 per cent hemolysis, a 
value considered by these authors definitely 
to be positive. The degree of hemolysis was 
significantly greater in the Negro patients 
than in the white infants and significantly 
greater in the clinic population than among 
private patients. Similar observations made 
7 weeks later showed a decrease to approxi- 
mately normal values (less than 10 per cent 


hemolysis) in 18 breast fed infants and a 
significant decrease in 54 infants fed cow’s 
milk mixtures. Among the premature in- 
fants, however, there was a significant rise 
in the degree of hemolysis among the white 
infants and essentially no change in the 
degree of hemolysis in the Negro infants 
during approximately one month of partially 
skimmed milk feedings. The feeding of pL- 
a-tocopherol acetate to 8 full-term and to 23 
premature infants led to prompt disap- 
pearance of the hemolysis. 

When these various groups of infants were 
arranged in groups according to the esti- 
mated tocopherol content of the diets, 
increased hemolysis appeared to correlate 
fairly well with diets of low tocopherol 
content. 

Correlation of these observations with 
plasma tocopherol levels has been reported 
by H. M. Nitowsky, M. Cornblath, and H. 
H. Gordon (Am. J. Dis. Child. 92, 164 
(1956)). The plasma tocopherol level in a 
group of healthy adults averaged 0.75 mg. 
per cent. In 73 postpartum mothers the 
average was 1.31 mg. per cent, the values 
covering a rather wide range with social and 
racial differences apparent. Simultaneous 
determinations on the newborn infants of 
35 of these women approximated 0.25 mg. 
per cent, as did a much larger group of 
newborn infants, and showed a borderline 
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correlation with the maternal levels. Thriv- 
ing young infants fed ordinary cow’s milk 
mixtures showed a rise to 0.33 mg. per 
cent at 46 days of age, while the breast fed 
infants showed a rise to 0.72 mg. per cent 
during the same period. This difference was 
significant. In the premature infants the 
feeding of partially skimmed cow’s milk was 
accompanied by a drop to 0.20 mg. per cent 
and 0.13 mg. per cent during the first and 
second months of life, respectively. Analysis 
of simultaneous determinations of plasma 
tocopherol and hydrogen peroxide hemolysis 
indicated that levels of tocopherol above 
0.5 mg. per cent were rarely accompanied 
by appreciable hemolysis. Below this con- 
centration, a statistically significant inverse 
correlation was found in young full-term 
and premature infants fed cow’s milk mix- 
tures, and in a group of infants and children 
with steatorrhea. No correlation could be 
found between these two factors in unfed 
newborn infants who almost invariably 
had low plasma tocopherol levels, suggesting 
that factors in addition to tocopherol con- 
centration were important in determining 
the susceptibility to hydrogen peroxide of 
their erythrocytes. 

In a subsequent paper in this series, 
Nitowsky and J. T. Tilden (Am. J. Clin. 
Nutrition 4, 397 (1956)) measured the 
catalase activity in the red cells of a group 
of newborn infants. A significant inverse 
correlation between this activity and eryth- 
rocyte hemolysis by hydrogen peroxide 
was observed. Jn vitro studies of a number of 
physiological reducing agents were also 
carried out, and a correlation between their 
ability to inhibit hemolysis and the catalysis 
of unsaturated fatty acid oxidation by lipoxi- 
dase or hematin compounds was interpreted 
to support the hypothesis that vitamin 
E may play a role in maintaining the in- 
tegrity of the erythrocyte by inhibition of 
oxidase action on the unsaturated fatty 
acids of the cell membrane. 

Although the studies under review suggest 
a physiologic deficiency of tocopherol in the 
newborn infant, particularly the premature 
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infant fed partially skimmed cow’s milk 
mixtures, the lack of any other evidence for 
physiologic derangement under these circum- 
stances appears to preclude a definite de- 
cision concerning the advisability of routine 
tocopherol administration. During the course 
of the previous studies, Nitowsky, Gordon, 
and Tilden had repeatedly observed both 
low plasma tocopherol levels and increased 
peroxide hemolysis in infants with cystic 
fibrosis of the pancreas. 

In a subsequent paper (Bull. Johns 
Hopkins Hosp. 98, 361 (1956)) they have 
reported more detailed studies on 5 boys aged 
3 years to 1014 years with cystic fibrosis of 
the pancreas and 2 infants aged 414 months 
and 9 months with biliary atresia. In the 
3 older subjects with cystic fibrosis of the 
pancreas, plasma tocopherol Jevels were low, 
varying from 0 to 0.22 mg. per cent. In 2 
of them, peroxide hemolysis was greater than 
50 per cent. Urinary creatine excretion 
varied from 5.1 to 8.8 mg. per kg. per day 
representing from 25 to 40 per cent of the 
creatinine output. With the administration 
of tocopherol, plasma tocopherol rose to 
between 0.62 and 1.42 mg. per cent, peroxide 
hemolysis decreased to 2 per cent or less, 
and creatine excretion fell markedly both 
in absolute values and as proportion of total 
creatinine. Similar, but less complete, data 
were presented for the 2 younger infants. 


In the 2 infants with biliary atresia, the 


administration of tocopheryl-polyethy!- 
ene glycol - succinate (PGS) intravenously 
promptly raised the tocopherol levels and 
decreased the erythrocyte hemolysis, but 
had no effect upon the creatine excretion. 

In the children with cystic fibrosis of the 
pancreas, the subjective impression 
increased muscle strength could not 
confirmed by objective evidence. Also the 
decrease in creatine excretion was not 
present in all patients. The authors did not 
feel certain that the level before therapy was 
excessive because of the variation in creatine 
excretion shown in the relatively small 
number of children studied on creatine-poor 


of 


be 
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diets. However, the concomitant rise in 
plasma tocopherol concentration, the ab- 
sence of significant peroxide hemolysis, and 
the diminution of creatinuria, followed a 
pattern very similar to that seen in the 
vitamin E deficient animal. These observa- 
tions suggest that the patients with cystic 
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fibrosis of the pancreas were indeed deficient 
in vitamin E. The large doses of tocopherol 
acetate required to produce this response as 
well as the necessity of giving a suitable 
preparation intravenously in 1 patient would 
suggest that this deficiency was conditioned 
by a defect in fat absorption. 


NIACIN AND BLOOD CHOLESTEROL 


A variety of substances have been re- 
ported to lower the blood cholesterol level 
of man (Nutrition Reviews 14, 39, 67, 107, 
193, 285 (1956)). Recent reports suggest 
that niacin may be added to this list. 

R. Altschul, A. Hoffer, and J. D. Stephen 
(Arch. Biochem. Biophys. 64, 558 (1955)) 
noticed that when rabbits were fed three 
large doses of niacin (3 X 45 mg., 3 X 90 
mg., or 3 X 180 mg.) the serum cholesterol 
level was reduced in 20 of 24 trials. The 
subcutaneous injection of niacin produced 
similar results. 

Further studies of niacin feeding by the 
above group, with normal subjects and 
patients, suggested a relation between the 
blood cholesterol-lowering response of niacin 
and the initial level of cholesterol. When 
niacin (in doses of 1 g. or 4 g. in 24 hours) 
was given to subjects whose initial cho- 
lesterol levels ranged from 150 mg. to 250 
mg. per cent (mean = 203 mg. per cent) 
there was an average reduction of 6.4 per 
cent in the serum cholesterol levels in 34 
of the 43 subjects. The subjects with initial 
cholesterol levels over 250 mg. per cent 
(mean = 284 mg. per cent) when given 
similar doses of niacin, showed an average 
decrease of 21.7 per cent in 24 of the 25 
subjects. 

Unfortunately, the above workers varied 
both the dose of niacin (four one-gram doses 
distributed throughout 24 hours for the 
normal subjects and a single dose of 1 g. 
for the patients) and the interval after the 
last dose when the second blood sample was 
taken (three and 24 hours). The data show 
that when the second blood sample was 


taken three hours after the last dose of 
niacin, the decrease in the blood cholesterol 
level was much greater than when the 
sample was taken 24 hours after the niacin 
(16.7 per cent versus 8 per cent). 

Altschul and co-workers (Ibid.) mentioned 
that the niacin produced a “flushing” 
reaction in all their subjects. They suggested 
that the flushing may have lowered the 
serum cholesterol level as a result of a stress 
reaction (H. Selye, ‘Stress’? Acta, Inc. 
Montreal (1950)). Additional evidence for 
the above suggestion comes from their 
statement that niacinamide, in comparable 
doses, had no effect on the cholesterol levels 
of 20 subjects. Niacinamide produces no 
flushing reaction. 

In a report that contains no basic data, 
R. Altschul (Zeit F. Kreislaufforschung 46, 
573 (1956)) reported that the subcutaneous 
injection of niacin into rabbits produced a 
lowering of the blood cholesterol level which 
was almost as great as that following the 
oral dose. When the rabbits were fed cho- 
lesterol in their ration for 90 days, the daily 
administration of niacin (dose not stated) 
kept the blood cholesterol at 229 mg. 
per cent, whereas the level was 540 mg. per 
cent in those receiving no niacin. The re- 
ported effect on the blood cholesterol was 
accompanied by a delay in the appearance 
of atheromatous lesions. The data on which 
these statements are based should be made 
available to permit a critical evaluation of 
their significance. 

A more extended study of the influence of 
niacin on plasma cholesterol levels of man 
was made by W. B. Parsons and co-workers 
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(Proc. Staff Meetings Mayo Clinic 31, 377 
(1956)). They found that the daily oral 
administration of 3 g. of niacin lowered the 
plasma cholesterol level in seven cases of 
familial hypercholesteremia from an average 
of 354 mg. per cent to 297 mg. per cent. 
Although the major portion of the average 
reduction occurred by the end of the second 
week, there was a slight reduction during 
the subsequent ten weeks of therapy. The 
significance of the observed effect in these 
cases may be questioned since one of the 
seven patients showed no change, while 
three showed a reduction of less than 40 
mg. per cent. The average was due largely to 
two patients who showed reductions of 78 
mg. per cent and 162 mg. per cent. 

In six cases of non-familial hypercho- 
lesteremia, the same daily dose of niacin 
lowered the average plasma cholesterol level 
from 284 to 220 mg. per cent at the fourth 
week, with a gradual increase to 250 mg. 
per cent at the twelfth week. The final 
plasma level was so close to the original 
that if statistical analysis had been applied 
to the data, the reduction might well have 
been insignificant. 

It should be emphasized that even the 
1 g. daily dose of niacin used in the studies 
with human subjects is approximately 100 
times larger than the recommended al- 
lowance of the Food and Nutrition Board 
(National Research Council Publication 302 
(1958)). For this reason the effect of the 
niacin, if any, on the cholesterol levels 
must be attributed to a pharmacological 
action of the vitamin. 

So many substances when given by mouth 
have been reported to lower the cholesterol 
level that one wonders whether some in- 
direct mechanism (such as_ psychogenic 
factors) may be operative in most of these 
cases. For instance, W. Felch and L. Dotti 
(Proc. Soc. Exp. Biol. Med. 72, 376 (1949)) 
reported that the daily ingestion of 3 g. of 
inositol lowered the plasma cholesterol level 
in diabetic patients. The average cholesterol 
level declined from 294 mg. per cent to 244 
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over the eight weeks of the study. Blood 
samples were taken initially from nurses 
and physicians but nothing more was done 
with these subjects. 

In order to secure unequivocal results, all 
clinical studies should include a control 
group. The latter group should be treated in 
exactly the same manner as the test group 
except for receiving placebos in place of the 
test substance. The choice of the subjects 
receiving the placebos and test substance 
should be based on random selection. During 
the study, the investigators should not 
know which subjects are getting which 
substances. 

The importance of a proper experimental 
design has been stressed by M. F. Oliver 
and G. 8. Boyd (Circulation 18, 82 (1956)). 
They found that the plasma cholesterol 
levels in their coronary sclerotic patients 
remained constant during the control period. 
When ethinyl estradiol was fed, the plasma 
cholesterol immediately started to fall. The 
plasma cholesterols in the patients receiving 
inert placebos also decreased but not to the 
same extent. This work shows that the 
“placebo effect’? may be significant and 
cannot be compensated for by means of a 
“control” period during which base-line 
values are secured. 

In the studies involving niacin, it may 
not be sufficient to use an inert placebo 
since the latter will not produce the typical 
flushing reaction elicited by niacin. However, 
a number of drugs, such as the nitrites that 
are used to lower blood pressure, also pro- 
duce vasodilation. If the flushing reaction, 
per se were responsible for the lowering 
of the plasma cholesterol level, then the 
nitrites and niacin should have similar 
effects on the cholesterol levels. 

Although there are reports to the effect 
that large doses of niacin given orally reduce 
the plasma cholesterol level both in rabbits 
and human beings, the significance of the 
observation is open to question since the 
studies were not adequately controlled. 
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EFFECTS OF FEED RESTRICTION ON BODY COMPOSITION 


In animal production it is often necessary 
(as a result of limited feed due to drought 
or other causes, or for economic reasons) 
to feed rations below the level needed for 
optimum growth or fattening. 

It is commonly believed that growing 
animals utilize feed more efficiently when 
growth is continuous and rapid, and that 
feed utilization is less efficient under feed 
restriction or growth-interruption condi- 
tions. Recent reports have appeared that 
raise doubts as to the validity of this con- 
cept. J. H. Meyer, C. E. Lueker and J. D. 
Smith at the University of California, 
Davis, studied the influence of nutrient 
restriction and subsequent recovery on 
body composition and economy of feed 
utilization in rats (J. Nutrition 60, 121 
(1956)). 

These workers fed one group of 18 rats 
ad libitum a diet of the following com- 
position: sucrose, 71; cottonseed oil, 5; 
crude casein, 20; and salts, 4. The ration was 
fortified with all known vitamins required 
by the rat. A second group of 18 rats was 
fed the same diet except that intake was 
restricted to 70 per cent of the intake of 
group 1, per unit of metabolic body size 
(body weight 0.75). A third group of 18 
rats received the same daily level of casein, 
vitamins and minerals as the animals in 
group 1, but they were limited to 70 per 
cent of the energy intake of group 1, per 
unit of metabolic body size. 

After four weeks, 9 animals of each group 
were sacrificed and total body water was 
determined. Body fat and dry fat-free body 
content were calculated using the estab- 
lished relationship between these con- 
stituents and body water (N. Pace and E. 
N. Rathbun, J. Biol. Chem. 158, 685 (1945) 
and J. H. Meyer, Am. J. Physiol. 172, 73 
(1955)). 

Animals fed ad libitum averaged 31 per 
cent in body fat and 69 per cent in dry fat- 
free body tissue (whole body minus in- 


testinal tract and contents). Both diet- 
restricted and energy-restricted animals 
(groups 2 and 3) contained only 19 per cent 
body fat and 81 per cent dry fat-free body 
tissue. 

The remaining animals were full-fed 
after the initial four-week experimental 
period. Previously ad libitum-fed animals 
(group 1) attained a body weight of 239 
g. in forty-two days, at which time they 
were sacrificed. Animals of groups 2 and 3 
were continued on experiment but fed ad 
libitum until their total energy consumption 
was equal to the total consumed by the 
animals of group 1. They attained body 
weights of 231 and 230 g. in 51 and 55 days, 
respectively, at which time they were killed. 
Animals that had been restricted in energy 
only during early life (group 3) contained 
about the same body fat (24.5 to 25.5 per 
cent) as the animals fed ad libitum con- 
tinuously. The animals that had been 
diet-restricted (group 2) and consequently 
received less protein, vitamins, and minerals 
than either of the other groups during diet 
restriction, had body fat contents averaging 
nearly 30 per cent. 

The experiment was repeated, but the re- 
stricted feeding was limited to three weeks, 
with essentially the same results. Whereas 
in the first experiment final weight of con- 
trol or full-fed animals was not quite at- 
tained on the same total feed by restricted- 
fed animals, in the second experiment the 
final weights attained by all groups were 
essentially the same, even though restricted- 
fed animals were on experiment six to seven 
days longer. 

It is of interest that the greater lean body 
tissue mass, following recovery after re- 
striction of energy intake only, contrasted 
with the more fatty carcass, following re- 
covery from restriction of all dietary com- 
ponents. Apparently an advantage is gained 
for animals during interrupted growth due 
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to restriction of food intake, if the con- 
sumption of proteins, vitamins, and min- 
erals is maintained at, or above, their 
requirement levels. 

It also appears significant that the animal, 
during periods of feed restriction, is either 
capable of conserving energy, or that 
energy utilization during recovery is more 
efficient. Since restricted animals lived six to 
thirteen days longer before they consumed 
total feed equal to that consumed by the 
control animals, and since final body weights 
were essentially equal, it can be assumed 
that the efficiency of energy utilization must 
have been higher in the animals that were 
restricted-fed for three to four weeks. 

Somewhat identical results have been re- 
ported in productive animals, namely steers 
(C. F. Winchester and P. E. Howe, Tech. 
Bull. No. 1108, U.S.D.A. (March 1955)). 
These workers used 6 pairs of identical twin 
beef calves (400-pound weight). One member 
of each pair received a maintenance ration 
and in addition a full feed of corn. The other 
member of the pair received the same 
maintenance ration, but was limited in its 
intake of corn such that its total energy 
consumption was equal to 50, 62, or 75 per 
cent of the intake of the liberal-fed animal. 
The animals ranged in age between 6 and 16 
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months while these growth-retardation 
studies were underway. At the end of re- 
stricted feeding (6 to 10 months) all animals 
were fed the liberal ration until their total 
consumption was equal to that of the 
liberally fed mate. The steers fed liberally 
gained 2.26 pounds per day in body weight. 
Those fed the 75 per cent ration gained 
1.00 pounds daily, those on 62 per cent 
ration gained 0.5 pounds daily, and those on 
50 per cent ration neither gained nor lost 
weight. 

It is rather remarkable that all the 
animals reached the market size of approx- 
imately 1000 pounds on the same amount of 
feed energy, regardless of whether they had 
been fed liberaliy throughout or had been 
restricted for periods of 6 to 10 months. 
Since the retarded animals required 10 to 
20 weeks longer to reach market size, it is 
again apparent that either energy expendi- 
ture was conserved during growth retarda- 
tion or that the energy was used more 
efficiently during liberal feeding after a 
period of restricted feeding. 

The authors conclude that under con- 
ditions of feed scarcity, beef cattle can be 
carried at an energy level as low as main- 
tenance without loss of efficiency in feed 
utilization or meat quality. 


INFLUENCE OF SEX HORMONES ON CORONARY ARTERY DISEASE IN RATS 


On the basis of epidemiologic and clinical 
reports, one of the most widely recognized 
observations is the apparent sex difference 
in the predisposition to coronary artery 
disease in men. Between the third and sixth 
decades of life males appear to have a higher 
incidence of this disease than females of the 
same age. This comparative rarity of coro- 
nary artery disease among women before the 
menopause has led some investigators to 
speculate on a possible protective effect of 
the female hormones in human beings. This 
view has been supported by the laboratory 
observations of Pick and co-workers (Cir- 


culation 6, 858 (1952)), who noted that 
estrogens selectively protect the coronary 
arteries of cockerels fed cholesterol. 

Except for extensive work carried out in 
the bird, little is known about the role the 
gonadal system may play in the atherogenic 
process in mammals. Recently, however, 
Moskowitz et al. (Arch. Path. 61, 245 (1956)) 
have studied the serum lipid responses and 
the coronary arteries of rats treated with 
either androgens or estrogens for periods up 
to 143 days. R. W. Wissler and co-workers 
in this country (Jbid. 57, 333 (1954)) and 
M. R. Malinow, D. Hojman, and H. Pelle- 
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grino (Acta cardiol. 9, 480 (1954)) in Argen- 
tina have found that coronary artery lesions 
can be produced in the rat by dietary means. 
L. C. Fillios et al. (J. Exp. Med. 104, 539 
(1956)) have further shown that not only is 
it possible to obtain microscopic arterial 
lesions, but that grossly visible atheromatous 
plaques can be readily induced in this 
animal. The latter workers used diets con- 
taining cholesterol, sodium cholate and 
thiouracil. 

To study the role of the sex hormones in 
coronary atherogenesis, Moskowitz and co- 
workers adopted the “atherogenic” dietary 
procedures previously outlined by Wissler 
(loc. cit.). Essentially, their diets contained 
high levels of fat, and cholesterol at a 2 
per cent level. 

A total of 130 rats was divided into 9 
experimental groups as follows: control 
males, control females, males that received 
testosterone, males that received estradiol, 
females that received estradiol, castrated 
males, castrated females, castrated males 
that received estradiol, and castrated 
females that received testosterone. During 
the first six weeks of the experiment all the 
rats were fed by means of stomach tube a 
synthetic diet containing 2 per cent 
cholesterol and 25 per cent corn oil. At the 
end of this time, 58 rats were killed and 
examined for coronary artery lesions. 

Eleven of these 58 rats had lipid-contain- 
ing coronary artery “lesions.” These early 
lesions were described by the authors as 
“lipomatous,”’ that is there was extracellular 
lipid infiltration but no apparent intimal 
proliferation or any definite degeneration of 
the arterial wall. All 11 of these rats with 
“lipomatosis’”’ were animals treated with 
estradiol, 4 females, 3 males and 4 castrated 
males. None of the other rats showed any 
arterial involvement. 

The tube feeding procedure was discon- 
tinued at the end of the first six weeks and 
the surviving rats were then placed on an ad 
libitum diet which contained 2 per cent 
cholesterol and 30 per cent lard for the 
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remaining period of approximately twelve 
weeks. 

The surviving 50 rats were killed after a 
total of 90 to 143 experimental days. Sixteen 
of the 50 animals were found to have lipid- 
containing “lesions” in the coronary vessels 
and 47 per cent of these coronary lesions were 
described as “atheromatous,” that is, lipid 
deposition accompanied by initimal prolife- 
ration or degeneration of one arterial wall. 
According to the authors, the incidence of co- 
ronary artery lesions among the rats treated 
with estradiol declined significantly between 
the sixth and eighteenth week of the experi- 
ment. They concluded that the continued es- 
trogen treatment had a definite regressive 
effect on the lipomatous coronary involve- 
ment seen at the end of six weeks. These 
conclusions seem to support, in effect, the 
hypothesis favored by others that estrogen 
has a protective long-term effect against 
coronary atherosclerosis. 

S. Lindsay, F. W. Lorenz, C. Entenman, 
and J. L. Chaikoff (Proc. Soc. Exp. Biol. 
Med. 62, 315 (1946)) had shown earlier 
that estrogens appear to augment athero- 
sclerosis in the aorta of the bird and this 
finding was confirmed by L. Horlick and 
L. N. Katz (J. Lab. Clin. Med. 33, 733 
1948)). However, Pick and co-workers 
(loc. cit.) found that although estrogens do 
not protect the aorta they appear to induce 
a regression of coronary atherosclerosis. 
This apparent paradox has not been resolved 
satisfactorily in studies with mammals 
despite the excellent work by Moskowitz 
et al. described here. The number of animals 
in each of the groups of these latter workers 
was small. Furthermore, the authors admit 
that among the rats treated with testos- 
terone the incidence of coronary lesions was 
low. From the limited data, it appears that 
androgens and estrogens were equally pro- 
tective against coronary artery lesions at the 
end of eighteen weeks. In addition, during 
the first six weeks none of the rats treated 
with androgens had coronary lesions. It 
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should also be noted that in the present 
study androgenic treatment did not have 
any unfavorable effects on the blood lipid 
levels. Finally, an obvious defect in the 
experiment was the change in the dietary 
procedures between the first six weeks and 
the latter part of the experiment. Therefore, 
strict comparisons between the two time 
periods should have been made only with 
strong reservations. 

The authors also concluded from their 
data that the serum cholesterol-phospholipid 
ratio correlates very well with the extent 
of the coronary disease. The highest choles- 
terol-phospholipid ratios were seen among 
those rats with the highest incidence of 
coronary “lesions.” This is in accord with the 
observations in other species (M. M. Gertler, 
8S. M. Garn, and J. Lerman, Circulation 2, 
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205 (1950); J. D. Davidson, L. L. Abell, 
and F. E. Kendall, Am. Heart J. 38, 462 
(1949); R. Pick, J. Stamler, 8. Rodbard, and 
L. N. Katz, Circulation 4, 468 (1951)). 
This study, however, cannot fail to re- 
kindle interest in the role sex hormones 
may play in the atherogenic process. The 
findings have focused attention on an ob- 
vious gap in our knowledge in a pertinent 
area of atherosclerosis research. As shown 
by the work of more than one laboratory, 
atherosclerosis can be readily induced in the 
rat by simple dietary technics. Furthermore, 
this animal has been intensively studied by 
endocrinologists for a number of years. 
Therefore, much fruitful research on the 
possible endocrine influences in the complex 
relationship between lipid metabolism and 
atherosclerosis may now be realized. 


INTRACELLULAR DISTRIBUTION OF VITAMIN K 


Two reports have appeared in recent 
literature concerning the intracellular dis- 
tribution of vitamin K. J. P. Green, E. 
Sondergaard and H. Dam (Biochem. et 
biophys. acta 19, 182 (1956)) have found that, 
on a nitrogen basis, 24 per cent of vitamin K 
was associated with the nuclear fraction of 
beef liver cells, 61 per cent was present in 
the mitochondria, and 15 per cent in the 
supernatant. This latter probably represents 
a maximum value, since the supernatant 
contained fragments of nuclei and mito- 
chondria. The fractions were assayed for 
vitamin K_ activity (anti-hemorrhagic 
potency) on vitamin K deficient chicks. 

A more incisive method was recently 
used by C. Martins (Biochem. Z. 327, 407 
(1956)) in investigations on cells of White 
Leghorn chicks. Eighty micrograms per day 
of C-labeled vitamin K; (methylnaphtho- 
hydroquinone-diacetate) were administered 
for forty-two and sixty-two days to chicks 
which had been on a vitamin K deficient diet 
for thirteen days post-hatching, by which 
time the chicks had begun to show an in- 


crease in clotting time. Mitochondria and 
nuclei from kidney, liver, and heart tissue 
were separated from the cytoplasm and 
microsomes by centrifugation in 0.25  su- 
crose. These fractions were first lyophilized 
and then repeatedly extracted with ether. 
After further extraction with acetone, which 
eliminated most of the phosphatides, the 
soluble material (which would be expected 
to contain any vitamin K) was assayed for 
radioactivity in a gas-flow chamber. An 
important finding was that in all 3 tissues 
investigated, the concentration of vitamin 
K was highest in the mitochondrial fraction. 

Distribution of vitamin K (micromoles per 
gram nitrogen), as estimated from specific 
radioactivity, was as follows: kidney nuclei, 
0.012; mitochondria, 0.071; liver nuclei, 
0.05; mitochondria, 0.11; heart nuclei, 0.15; 
mitochondria, 0.86. Especially striking is the 
high concentration of vitamin K in heart 
cells, where a vitamin involved in prothrom- 
bin synthesis would not be expected to be 
especially useful. However, such a distribu- 
tion correlates well with the postulated role 
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of vitamin K in oxidative phosphorylation, 
which is high in heart tissue. 

Criticism of the technique employed might 
be made on grounds that the vitamin K; 
was given over a period of many days. Thus, 
breakdown and conversion of the vitamin 
probably occurs, with the result that radioac- 
tivity might be present in a number of 
fat-soluble substances and in differing 
amounts in various cell orgenelles, but 
having little relation to vitamin K. No 
experiment was reported in which radio- 
activity of non-fat-soluble cellular materials 
was measured. However, an experiment was 
performed in which a very large dose of 
methylnaphthohydroquinone-diacetate (.93 
mg.) was given twenty-four hours before 
killing the animal. In this case the ratio of 
radioactivities in the cell fractions seemed 
to remain similar but the absolute values 
were definitely increased. 

In another confirming experiment, further 
division of the ether-soluble residue (from 
heart cells) between 95 per cent methanol 
and n-heptane showed a partition coefficient 
of 1:18.2. Since methylnaphthohydro- 
quinone-diacetate gives a coefficient of 
1:0.12, methyl naphthoquinone a coefficient 
of 1:0.035, and synthetic vitamin K,; a 
coefficient of 1:18.1, it would appear that 
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in animal cells vitamin K; was converted to 
vitamin K, and thus functions as a pro- 
vitamin K,. 

Comparing the distribution of vitamin K 
with those of the true respiratory catalysts, 
it is seen that in rat liver riboflavin is con- 
centrated in the mitochondria and super- 
natant fractions (J. M. Price, E. C. Miller 
and J. A. Miller, J. Biol. Chem. 178, 346 
(1948)) and that cytochrome oxidase and 
cytochrome C are concentrated in the mito- 
chondrial fraction. H. Stern (Science 121, 
144 (1955)) has presented evidence support- 
ing the view that cytochrome oxidase and 
flavoproteins are absent from nuclei. Thus, 
it is reasonably certain that the systems 
responsible for the bulk of terminal oxida- 
tions are present mainly in the cytoplasm 
(mitochondria). 

The finding that a large percentage of 
vitamin K of the cell is present in the mito- 
chondrial fraction lends further circum- 
stantial evidence for its participation in 
oxidative functions. Considered in this light, 
the presence of even small concentrations of 
vitamin K in the nucleus is unexpected 
unless it is assumed that non-specific dis- 
tribution occurs to a degree or that vitamin 
K has several functions, some of which are 
not involved in oxidative phosphorylation. 


DIETARY FACTORS AFFECTING CHOLESTEROL EXCRETION 


Some observations on the effect of cellu- 
lose and fatty acid ingestion upon the fecal 
elimination of endogenous and dietary 
cholesterol have been reported by Lin, 
Karvinen, and Ivy (Am. J. Physiol. 187, 
170, 173 (1956)). To study the effect of 
cellulose, they fed rats and dogs on purified 
diets containing cornstarch, casein, salts, 
dried yeast, corn-oil and either 5 per cent 
or 25 per cent of “Celluflour” (an alpha 
cellulose powder). The animals were given 
isocaloric quantities of the respective diets 
with or without additional cholesterol. The 
dogs were given their ration by stomach 


tube but the rats were allowed to eat their 
ration normally. Cholesterol excretion was 
measured by weighing the digitonides iso- 
lated from the feces. A similar procedure 
was used to study the effect of different 
dietary fatty acids (see Nutrition Reviews 
13, 246 (1955)) on the excretion of endo- 
genous cholesterol in the rat. The fatty 
acids were substituted for corn-oil in a 
purified diet similar, but not identical, to 
that used to study the effect of cellulose. 
The cholesterol excretion of rats receiving 
the fatty acids was compared with that of 
a control group fed on the fat-free basal diet. 
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No effect of bulk (cellulose) on cholesterol 
excretion was observed in the experiments 
on rats. Neither endogenous cholesterol 
elimination nor the absorption of dietary 
cholesterol was altered when the cellulose 
content of the diet was increased under the 
conditions of the experiment. In contrast, 
in the experiments on dogs, endogenous 
cholesterol elimination was higher when the 
diet contained 25 per cent of cellulose al- 
though no effect on the absorption of dietary 
cholesterol was observed. The diet that was 
high in bulk was not noticeably laxative for 
the rat, whereas it was for the dog. Thus 
the authors conclude that “bulk alone to the 
extent used in these experiments does not 
affect the capacity of the intestine for the 
absorption of cholesterol” and that “‘when 


the contents are passed through the intestine © 


and colon rapidly less rapid absorption 
occurs.” It would seem important to com- 
pare the effect of the lower level of cellulose 
with results obtained using a diet free of 
cellulose. It is quite conceivable that small 
quantities of bulk may exert a propor- 
tionately greater effect and that the increase 
from 5 per cent to 25 per cent of cellulose 
may exert little further effect. 

When the data from the experiments on 
dogs are examined it is evident that the 
excretion of endogenous cholesterol was in- 
creased from 15.2 to 41.5 mg. per kilogram 
of body weight per day when the bulk con- 
tent of the basal diet was increased from 5 
per cent to 25 per cent. However, when 100 
mg. of cholesterol per kilogram of body 
weight per day was supplied with these 
diets the values for apparent cholesterol 
absorption (dietary cholesterol plus endog- 
enous cholesterol minus fecal elimination) 
were 73.7 and 81.8 milligrams per kilogram 
of body weight per day (not per cent as the 
authors report) respectively for the diets 
containing 5 per cent and 25 per cent of 
cellulose. Since these values were not sig- 
nificantiy different and the trend was 
toward higher total absorption in the dogs 
that received the greater quantity of bulk, 


NUTRITION REVIEWS 


[Vol. 15, No. 6 


the conclusion that cholesterol absorption 
was less rapid would not appear to be justi- 
fied. Evidence indicating that sterols con- 
tained in sloughed intestinal mucosa 
contribute appreciably to the total fecal 
sterols has been presented (Wells, Coleman, 
and Baumann Arch. Biochem. Biophys. 57, 
437 (1955)). Therefore it seems likely that 
the higher endogenous sterol excretion in 
animals receiving the more laxative diet 
was an indication of more extensive slough- 
ing of intestinal mucosa and that the rate 
of release of such sterols was a more sig- 
nificant factor than the rapidity of 
absorption. 

In the experiments on the effects of dietary 
oleic, linoleic, palmitic and stearie acid on 
endogenous sterol excretion of rats, the total 
sterol excretion was only 11 mg. per 2 rats 
per 2 days when the cholesterol-free diet 
contained no fat or 9 per cent of either of 
the unsaturated fatty acids. This increased 
to about 35 mg. per 2 rats per 2 days when 
9 per cent of either of the saturated fatty 
acids was included. Thus it would appear 
that a high level of unsaturated fatty acids 
in the diet facilitates reabsorption of endo- 
genous sterols from the intestinal tract. The 
saturated fatty acids did not cause diarrhea 
and even the highest values for cholesterol 
in the feces are not above the expected ex- 
cretion on a purified diet, so the saturated 
fatty acids did not cause any greater fecal 
sterol excretion than did 10 per cent of corn- 
oil included in the diets of the experiments 
discussed earlier. It would have added con- 
siderably to this paper if the effects of the 2 
types of fatty acids on the absorption of 
ingested cholesterol had been examined. 

Although these papers contribute some 
leads that are worthy of further attention 
their value, and that of any publication on 
fecal sterols that equates total digitonin 
precipitable sterols or total Lieberman- 
Burchard color development with cholesterol 
content, can have only limited value. Cole- 
man, Wells, and Baumann (Arch. Biochem. 
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Biophys. 60, 412 (1956)) have developed a 
method whereby 6 sterols can be measured 
quantitatively in the feces of rats fed on 
fat-free, cholesterol-free diets. Cholesterol 
represented less than 20 per cent of the 
total digitonin-precipitable sterols of rat 
feces. Coleman et al. also found, in contrast 
to earlier observations, that coprostanol, 
which comprises a considerable portion of 
the sterols in rat feces, contributes appreci- 
ably to the color developed with the 


Lieberman-Burchard reagent. It. is thus 


FLUORIDES AND 


Earlier reviews have dealt with the 


efficacy of topical application of stannous 
fluoride solution (Nutrition Reviews 13, 134 
(1955)) and with the usefulness of a stannous 
fluoride dentifrice for the partial control of 
dental caries (Ibid. 14, 197 (1956)). Further 
information on the use of stannous fluoride 
dentifrice has been provided by R. 


A. 
Schweinsberger and J. C. Muhler (J. Dent. 
Res. 35, 760 (1956)), who studied the rate 
of urinary fluoride excretion in 80 children 
who were using a stannous fluoride dentifrice 
that contained 1000 parts per million (ppm.) 
of fluoride. Urinary fluorides were also de- 
termined for 74 children using a nonfluoride 
dentifrice. 

Both groups of children resided in Bloom- 
ington, Indiana, where the communal water 
supply contained 0.1 ppm. of fluorides. No 
statement was made as to how the dentifrices 
were used. Presumably the dentifrices were 
supplied to the children with neither strict 
recommendations for the frequency of tooth 
brushing nor for the exact procedure. This 
was a reasonable method to adopt since the 
children’s normal tooth brushing habits 
would be followed rather than an adopted 
routine procedure which would be hoped to 
be duplicable from one child to another. 

Urinary excretion was also determined 
for 57 children in Ellettsville, Indiana, where 
the water contained 0.85 ppm. of fluorides. 
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evident that conclusions regarding choles- 
terol absorption and excretion, to be mean- 
ingful, must be preceded by adequate 
differential analysis. Also, evidence has been 
presented (Snog-Kjaer, Prange, and Dam, 
J. Gen. Microbiol. 14, 256 (1956)) that as 
much as 50 per cent of the cholesterol avail- 
able in the intestine may be used by bac- 
teria. If cholesterol disappearance is equated 
with absorption, the sterols destroyed by 
the bacteria would be measured as absorbed 
sterols. 


ORAL HEALTH 


The average amount of fluoride excreted by 
the latter group was 0.84 mg. per child per 
day. This rate of excretion is highly com- 
parable to data that are available from 
similar water-fluoride areas. Obviously in 
this case the fluoride excreted represented 
not only the amount ingested from the water 
supply but also the trace amounts present 
in the foods consumed. The children in the 
first and second groups excreted a daily 
average of 0.218 and 0.220 mg. of fluoride, 
respectively. 

Obviously from these figures, no sig- 
nificant increase in fluoride excretion was 
observed among the children using the 
stannous fluoride dentifrice, which would 
indicate a comparable fluoride ingestion by 
the children in the 2 groups. The fluoride 
excreted by these children represented what 
had been ingested in their foods plus a 
trivial amount from the water. This finding 
can be interpreted, logically, to indicate 
that no significant fluoride ingestion occurs 
because of tooth brushing with the stannous 
fluoride dentifrice. 

In a consideration of the details of the 
data in this paper, the actual concentration 
of fluoride per milliliter in the urines of the 
children using stannous fluoride dentifrice 
was approximately 15 per cent higher than 
that of the children using the control denti- 
frice. Actually, this value is important only 
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for the calculation of the total amount of 
the fluoride excreted per day. Since the 
amount of urine excreted by the stannous 
fluoride group was about 15 per cent lower 
than that excreted by the control group the 
differences in concentration cancel out and 
the important factor, the total amount of 
fluoride excreted per day, is found to be 
identical for both groups. 

This paper appears to provide a sub- 
stantial answer to the frequent criticism 
that the fluoride dentifrices contain fluoride 
levels sufficiently high so that toxicity 
problems might arise out of the repeated 
swallowing, during and after tooth brushing, 
of more than optimal amounts of fluoride. 
This is not an illogical reason for concern. 
For example, if 1 g. of dentifrice were 
swallowed daily, 1 mg. of fluoride would 
have been made available for absorption 
from the gastrointestinal tract. In a non- 
fluoride area, this level of ingestion would 
not be excessive because it would approxi- 
mate the effect of the consumption of 1 qt. 
of water containing 1 ppm. of fluoride, 
which also supplies 1 mg. of fluoride. How- 
ever, if this amount of fluoride-containing 
dentifrice were swallowed repeatedly by a 
child in a fluoride area, who was already 
receiving an optimal fluoride intake, the 
increase in fluoride, if maintained over long 
periods, would be sufficient to produce a 
significant amount of mottling of the teeth 
which were being developed during the 
period of extra-fluoride ingestion. With the 
negative nature of these current studies, 
there appears to be no reason for concern. 

W. W. Wantland (/. Dent. Res. 35, 763 
(1956)) has studied the influence of varied 
concentrations of sodium fluoride on free- 
living Paramecia, Euglena and Rotifera. 
He wished to determine the sensitivity of 
these organisms to the fluoride ion, and to 
explore the possibility of using 1 or more of 
these unicells as a test organism for a bio- 
logical assay to predict water fluoride con- 
centration. The tests were conducted by the 
addition of 0.6 ml. of culture to 3.0 ml. of 
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the test levels of fluoride solution. The data 
were all reported. in terms of the concentra- 
tion of fluoride in the 3.0 ml. but not in the 
final 3.6 ml., which is confusing and means 
that all the fluoride values reported should 
be reduced by \% to give the actual 
concentration. 

At reported levels from 2 to 1000 ppm. of 
sodium fluoride, Paramecia and Euglena 
lived, reproduced, and showed a degree of 
activity comparable to that in nonfluoride 
cultures. At a concentration of 1,250 ppm., 
both species lived for 15 days; at 1,400 ppm. 
they lived for 8 days, and only at 1,500 ppm. 
and higher was life shortened to 7 hours or 
less. The Rotifera were somewhat more 
variable in response and lived from 4 or 5 
hours to 9 days in concentration of 1,250 to 
1,450 ppm. of sodium fluoride. Obviously, 
these microorganisms are highly resistant 
to sodium fluoride under the conditions of 
these experiments. No detailed information 
is given of the viability of these organisms 
in sodium chloride of equivalent ionic 
strength other than the simple statement 
that levels from 2,125 to 4,250 ppm. of 
sodium chloride permitted survival for as 
long as 10 days. Hence, it appears reasonable 
that the toxicity was due to the fluoride ion 
and not to a change in ionic strength. How- 
ever, where such large ionic variations occur, 
this factor needs to be checked carefully. 

Levels of 100 to 300 ppm. of sodium 
fiuoride were sufficiently toxic to cause an 
inactivation of trichomonads which were 
isolated from the cecum of the hamster. 
This inactivation could be overcome 
partially by removal of the sodium fluoride 
solution and replacement with physiological 
saline. At higher levels of fluoride, the 
inactivation was not reversible. 

In another part of the study, attempts 
were made to develop a bioassay for fluoride 
concentration in drinking water. First, these 
unicells had to be made less resistant to 
fluoride. This partial poisoning of the uni- 
cells was done by adding an acid zirconium 
oxychloride solution to a mixture of the 
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water sample and a mixed culture of Para- 
mecia and Rotifera. Under these circum- 
stances, water samples with 10 ppm. or less 
of sodium fluoride caused death of the 
Paramecia but not of the Rotifera; 20 ppm. 
or more of sodium fluoride caused death of 
the 2 species. It is rather difficult to conceive 
of circumstances where this would prove 
to be a particularly useful test. If it could 
be refined enough to be applied accurately 
to predict the difference between water 
samples containing 2 and 3 ppm. sodium 


REVIEWS 147 
fluoride, limited usefulness might be at- 
tained. There is little likelihood that a 
biological assay procedure could have major 
value in competition with the highly refined 
chemical methods for the determination of 
fluoride concentration. Since these unicells 
have to be poisoned by acid zirconium oxy- 
chloride to bring their susceptibility to 
fluoride down to the range where even the 
gross difference between 10 and 20 ppm. 
can be distinguished, the very low toxicity 
of fluoride for these unicells becomes obvious. 


METABOLITES OF VITAMIN E 


Practically nothing is known about the 
metabolic transformations of vitamin E in 
the body. Any information regarding 
changes that the tocopherols undergo in 
vivo may provide a clue to the functional 
significance of the vitamin. 

In a study of the metabolic changes of 
a-tocopherol, E. J. Simon, C. 8. Gross and 
A. T. Milhorat (J. Biol. Chem. 221, 797 
(1956)) administered the succinic acid ester 
of a-tocopherol, labeled with C“, to normal 
rabbits and followed the excretion of the 
radioactivity in the urine and feces. When 
10 to 15 mg. were given orally, in sesame 
oil, over 74 per cent of the dose appeared in 
the feces within 3 days, and 93 per cent of 
this activity was present as unchanged 
tocopherol (or as the succinate). Very little 
activity appeared in the urine. This indicated 
that under the conditions employed ingested 
a-tocopherol was poorly utilized. When the 
dose was given subcutaneously, the elimina- 
tion of radioactivity was extremely slow, 
only 10 per cent appearing in the feces and 
4 per cent in the urine after 11 days. Ob- 
viously the injected material, which was in 
oil, was poorly absorbed. 

The intravenous injection of the labeled 
tocopheryl succinate, dissolved in water 
with triethanolamine, was followed by a 
rapid urinary excretion of radioactivity but 
the percentage of the total dose was low, 


amounting to 20 to 30 per cent in 15 days, 
whereas 70 to 80 per cent appeared in the 
feces. Of this, about haif was unchanged 
tocopherol. All of the tocopherol in the feces 
was present as the free alcohol, showing that 
the body had completely hydrolyzed the 
ester. 

In contrast to the products found in the 
feces, no intact tocopherol was detected in 
the urine. The major urinary metabolite 
of tocopherol was extractable from acidic 
solution with ether, and was found to be a 
glucuronide. When hydrolyzed, this yielded 
a petroleum ether-solute material with a 
characteristic ultraviolet absorption, dis- 
tinctly different from that of a-tocopherol 
but resembling that of a-tocopherylquinone. 
Other properties, however, showed that 
the metabolite was not the quinone. 

Further investigation leading to the 
identification of the metabolite was under- 
taken by this group (E. J. Simon, A. Eisen- 
gart, L. Sundheim and A. T. Milhorat, 
J. Biol. Chem. 221, 807 (1956)). In order 
to have more of the substance, massive 
doses of a-tocopherol were fed to human 
subjects. In addition to the primary metabo- 
lite found in rabbit urine, another, but much 
less abundant, metabolite was also found in 
the human urine. Purification of these 
materials permitted structural determina- 
tions to be carried out by conventional 
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methods. The two compounds are closely 
related, one being a carboxylic acid, the 
other being the lactone of the acid. The 
acid was tentatively identified, pending 
synthesis, as 2-(3-hydroxy-3-methyl-5-car- 
boxypentyl) - 3,5,6 - trimethylbenzoqui- 
none. Comparison of this structure with 
that of a-tocopherol shows that oxidation of 
the vitamin has broken one ring, producing 
a quinone similar to that of tocopheryl- 
quinone, but the long hydrocarbon side 
chain (16 carbons) has been partially re- 
moved, possibly by §-oxidation, so that 
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only three carbons remain. The terminal 
carbon of the residual side chain has also 
been oxidized to a carboxylic acid group. 

The biochemical function of vitamin E 
still remains one of the most perplexing 
problems in the nutrition of the vitamins 
(see Nutrition Reviews 14, 29 (1956)). As 
interesting as the studies of Simon, et al. 
are, it remains to be seen whether the 
metabolites found have any relation to a 
specific function of vitamin E, or whether 
they are merely excretory products of 
a-tocopherol resulting from the administra- 
tion of massive doses of the vitamin. 


CHRONIC UNDERNUTRITION AND STARVATION IN THE RAT 


The presence of edema in individuals 
who receive an inadequate caloric intake 
(chronic undernutrition) frequently dis- 
tinguishes them from people who have lost 
an equal percentage of body weight while 
receiving no food (starvation) (A. Keys 
et al., Biology of Human Starvation, Univ. of 
Minn. Press, Minneapolis (1950)). The 
question has frequently arisen as to whether 
there are any other physiological differences 
resulting from the above types of dietary 
restriction. 

Although the literature contains a number 
of reports on the effects of starvation and 
undernutrition upon both men and animals, 
these studies were not well controlled in 
that the two conditions were not produced 
under similar circumstances. For this reason, 
Elsie M. Widdowson and R. A. McCance 
(Brit. J. Nutrition 10, 363 (1956)) have 
investigated the problem by subjecting 
groups of rats to starvation or to under- 
nutrition. 

Groups of male weanling rats were fed 
unlimited amounts of an adequate stock 
diet consisting of natural foods. When the 
rats attained a weight of 200 g. all food, but 
not water, was withheld from 6 of them for 
a period of six days (becoming the starved 
group). Another group of 6 male weanling 


rats was fed the same stock diet but in such 
amounts that at the end of the six-week 
experiment they weighed 145 g. (becoming 
the undernourished group). This was the 
same weight as that of the ad libitum fed 
rats after six days of starvation. Female 
rats were treated in the same way. Here the 
maximum weight attained was 150 g., which 
was reduced to 115 g. after six days of 
starvation. The latter was also the weight 
of one group of females fed a restricted 
amount of food from weaning. In each of 
the 4 experiments, a positive control group 
was maintained on an unlimited intake of 
the ration for the entire six weeks. 

Similar studies were made using adult 
male and female rats weighing 315 g. and 
220 g., respectively. The weight of the under- 
nourished and starved males was 265 g.; 
that of the females was 195 g. Here, also, 
a positive control group received unrestricted 
amounts of the ration for the entire period 
of the experiment. 

During the complete absence of food, the 
young rats of both sexes lost a greater per- 
centage of their body weight than did the 
adults, when compared with the animals 
receiving an unlimited intake throughout 
the experiment. Carcass analyses showed 
that in young rats the complete absence of 
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food for six days produced a greater relative 
loss of body fat than did the restricted 
feeding. The reverse was true of adult 
males, with no difference in the adult 
females. A partial explanation for these 
observations is the greater original per- 
centage of body fat in the adults than in 
the young, as shown by analyses of the 
positive control animals (17 versus 10 per 
cent for males, and 21 versus 11 per cent 
for females). 

Both undernutrition and starvation had 
practically no influence on the hemoglobin 
levels of the adult animals. Undernutrition 
in the young rats resulted in only a slight 
reduction in hemoglobin level (12.7 versus 
14.0 g. per 100 ml.) whereas complete 
absence of food produced a slight increase 
(15.2) which appeared to be due to a hemo- 
concentration. 

The loss in weight of the spleen, heart and 
kidneys was proportional to the body weight 
loss in both undernutrition and starvation. 
This was true of all groups and of both 
sexes. 

Starvation differed from undernutrition 
on the basis of the relative loss of weight of 
the liver and changes in its composition. In 
the young male rats that were starved, the 
liver lost more weight, in terms of percent- 
ages than did the rest of the body. The liver 
lost the same amount of weight relative to 
the body in all other groups. The fat in the 
livers of the adult male and female rats 
which were starved (11.4 per cent) was 
almost twice that in the undernourished 
rats (4.5 per cent) or positive control animals 
(5.7 per cent). In the young rats, the per 
cent of liver fat was the same in all 3 groups. 

The glycogen had almost disappeared 
from the livers of the adult rats after six 
days of starvation, yet there was more 
glycogen in the livers of the undernourished 
rats (2.2 per cent) than in the positive 
control animals (0.9 per cent). Surprisingly, 
in the young rats the glycogen in the liver 
after six days of starvation was only slightly 
lower than that in the positive control 
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animals (1.5 versus 2.3 per cent) while it 
was very low in the undernourished rats. 

The above results concerning liver glyco- 
gen are open to some question since the 
values reported for the positive control 
adult rats are very low. Marion F. Harrison 
(Biochem. J. 55, 204 (1953)) found 4 per 
cent glycogen in the livers of her positive 
control animals. She also found very low 
values for liver glycogen on each of the six 
days her rats were starved. According to 
her results, the glycogen, protein, and other 
constituents lost from the liver during 
starvation came from the cytoplasm with 
no change in the composition of the nuclear 
material. 

The starved rats of Widdowson and Mc- 
Cance (/bid.) lost a greater proportion of 
nitrogen from their livers than from the 
rest of their bodies, while the undernourished 
rats showed proportionately the same loss. 

The adrenal showed no significant differ- 
ences, except in the young male rats where 
both undernutrition and starvation pro- 
duced a relative hypertrophy of the gland. 

There was relatively little difference in 
the percentage of water in the under- 
nourished rats and the starved rats. This 
was true of all groups. There was, however, 
a suggested slight increase in extracellular 
fluid based on the chloride space. These 
findings confirm the known resistance of 
the rat to develop edema. 

Neither starvation nor undernutrition 
produced any significant change in the 
concentrations of sodium, chlorine, potas- 
sium, phosphorus or magnesium in the 
bodies of the rats. This was also true for 
calcium in the adults. However, the young 
undernourished rat contained considerably 
less calcium than the rat starved for six 
days. The retention of calcium by the body 
during starvation has been known for many 
years and shows that the skeleton loses 
less weight proportionately than the body. 
Evidence for this was presented in 1923 
by J. L. Gamble, 8S. G. Ross and F. F. 
Tisdall (J. Biol. Chem. 67, 633 (1923)) 
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who found that during a four- to fifteen-day 
fast, children Jost only small amounts of 
calcium. 

The results of the above study are im- 
portant in demonstrating the similarity 
between undernutrition and full nutrition 
followed by a period of starvation. There 
were some differences elicited by the two 
conditions: Starvation produced a greater 
relative loss of body fat in young rats than 
did undernutrition (the reverse was true 
for adult rats); during starvation, the livers 
of young male rats lost more weight, in 
terms of percentages than did the rest of 
the body; liver fat in the starved adults 
was twice that in the undernourished rats; 
liver glycogen disappeared in adults during 
starvation but was maintained during under- 
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nutrition; for all groups, the loss of liver 
nitrogen in starvation was greater than in 
undernutrition; there was only a slight loss 
of skeletal tissue in both starved and under- 
nourished adult rats, and in the young 
rats during starvation, whereas the forma- 
tion of skeletal tissue was reduced in the 
young undernourished rats. 

Apparently, the behavior of the two 
sexes to starvation was not always the 
same. H. J. Deuel, Jr., and M. Gulick (J. 
Biol. Chem. 96, 25 (1932)) reported on the 
increased development of ketosis in young 
women as compared to that of men during 
a six-day period of starvation. With the 
continuing significance of starvation and 
undernutrition, studies such as the above 
should be extended. 


CURRENT INVESTIGATION OF THE HYPOGLYCEMIC ACTION 
OF SULFONYLUREAS 


The development in Europe of potent 
relatively non-toxic, oral hypoglycemic, 
agents, which have great promise in the 
treatment of certain cases of diabetes melli- 
tus, has been reviewed previously (Nutrition 
Reviews 14, 208 (1956)). The 2 drugs which 
have been studied most are 1-butyl-3-sul- 
fanilylurea, or carbutamide, and 1-butyl-3- 
p-tolysulfonylurea, or tolbutamide. The 
latter drug is better known in the United 
States by its trade name, Orinase. A tre- 
mendous amount of experimental and 
clinical work has been carried out in this 
country since November of 1955 when these 
drugs were made widely available. Much of 
this work has been published as a symposium 
in the November issue of Metabolism. 

There is substantial agreement among the 
American clinical reports, and the earlier 
German experience, concerning the thera- 
peutic action of these drugs in human 
diabetes. Between 75 and 85 per cent of the 
“‘adult-onset”’ diabetic patients will respond 
with a lowering of blood sugar and a decrease 
or disappearance of glycosuria. Many of these 
patients can be maintained under satis- 


factory control of their diabetes with doses 
of 1 to 2 g. per day. At least in the case of 
tolbutamide, the toxic side actions of the 
drug seem to be remarkably rare in view of 
the chemical structure of the molecule. 
Occasional serious toxic reactions have led 
to the discontinuation of further trials with 
carbutamide. Therapeutic responses are 
infrequent among juvenile diabetics and 
individuals with diabetes following pan- 
createctomy. 

Although the short-term clinical effects 
of these drugs have been adequately de- 
scribed, the mechanism by which they 
exert their effects remains unclear and a 
subject of intensive study. Although many 
possible mechanisms have been considered, 
it cannot be said that any one theory can 
explain all the effects observed with sul- 
fonylureas. The preponderant view that the 
sulfonylureas act by stimulating the release 
of insulin has been championed by R. Levine 
and his co-workers (I. B. Fritz, J. V. Morton, 
M. Weinstein, and R. Levine, Metabolism 
14, 744 (1956)). 


These workers have found that car- 
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butamide produces hypoglycemia in the 
normal intact dog, but that this response 
is blocked by pancreatectomy both in the 
immediate post-pancreatectomy period and 
after a week during which the dogs have 
been maintained on insulin. Moreover, 
glucose utilization in eviscerated dogs was 
not altered by carbutamide either in the 
presence or absence of insulin. Unlike in- 
sulin, carbutamide does not affect the dis- 
tribution of galactose in the eviscerated dog. 
Comparable experimental results have been 
obtained by other workers and have led to 
the view that the sulfonylureas act to in- 
crease the net secretion of insulin. It would 
be difficult to explain the above observa- 
tions by an action of these drugs in in- 
hibiting the release of glucogon, in inhibiting 
insulinase, or in a direct action on the liver. 

The chief impediment to the acceptance 
of this concept of sulfonylurea action has 
been provided by clinical investigators who 
have compared the action of these drugs 
with that of exogenous insulin. The findings 
of R. Purnell, et al. (Metabolism 14, 778 
(1956)) are pertinent in this regard. The 
peripheral utilization of glucose was evalu- 
ated by infusing glucose solutions at a 
constant rate and measuring the arterio- 
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venous difference. In both normal and dia- 
betic subjects, Orinase did not promote the 
peripheral utilization of glucose as judged 
by the arterio-venous difference. F. C. 
Goetz, A. S. Gilbertsen and V. Josephson, 
(Metabolism 14, 788 (1956)), however, 
have obtained contradictory findings when 
Orinase was given to normal subjects in the 
fasting state. A rapid drop in blood sugar 
occurred, accompanied by a sharp increase 
in the arterio-venous difference and a drop 
in serum inorganic phosphorus. 

It would appear that differences do exist 
between the action of Orinase and exogenous 
insulin. This fact in itself is not incompatible 
with the view that Orinase promotes the 
secretion of endogenous insulin. Insulin is 
normally released at a slow rate into the 
portal circulation and may lead to physi- 
ologic effects which differ substantially 
from those observed following the sub- 
cutaneous injection of insulin. Experiments 
now underway in a number of laboratories 
might resolve this inconsistency. Whatever 
the ultimate role of sulfonylurea drugs 
will be in the treatment of clinical diabetes, 
the research which they have promoted 
has extended our knowledge of the disease. 


BIOLOGICAL VALUE OF PROTEINS 


L. B. Mendel proposed many years ago 
that the biological efficiency of a protein 
must be dependent on the minimum quan- 
tity of any essential amino acid made 
available from it (Nutrition: The Chemistry 
of Life, Yale University Press, New Haven, 
Conn., (1923)). 

With the availability of methods (micro- 
biological and physico-chemical) for the 
quantitative determination of amino acids, 
it has become possible to predict the bi- 
ological value of a protein on the basis of 
its constituent amino acids. 

Even though the nutritional value of a 
protein must, in the final analysis, be es- 
tablished biologically, there are advantages 


to be derived from an in vitro method if one 
can be developed that would accurately 
predict the biological value of a protein 
from its chemical composition. 

On the basis of Mendel’s concept, H. H. 
Mitchell and R. J. Block (J. Biol. Chem. 
163, 599 (1946)) evolved a system for 
protein evaluation based on amino acid 
content. Using whole egg as a standard, 
the nutritive value of the protein was ex- 
pressed as a “chemical score’”’ equal to the 
greatest percentage deficit of an essential 
amino acid in the test protein. This method 
generally was found to underrate the value 
of a protein based on its value in biological 
test. Hence the method was modified so 
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that all of the essential amino acid “egg 
ratios” were integrated by the calculation 
of their geometric mean (B. L. Oser, J. 
Am. Dietet. Assn. 27, 396 (1951)). A further 
modification was introduced in that arginine 
was excluded from the essential amino acids, 
and, in determining the “egg ratio” for 
phenylalanine, tyrosine was included (H. 
H. Mitchell, Biological Value of Proteins 
and Amino Acid Interrelationships, National 
Research Council, pp. 13-28, (1954)). 

The limitations that might be anticipated 
in attempting to predict biological value 
of proteins from their chemical composition 
have been covered well in a recent review 
(H. H. Mitchell, Nutrition Reviews 10, 
33 (1952)). 

The rate of release of amino acids in 
digestion has been suspected, by a number 
of investigators, as having a bearing on the 
nutritive value of protein. Workers at the 
Quartermaster Food and Container Insti- 
tute, Chicago, Illinois, have devised a 


procedure of assessing the nutritive value 
of proteins in which consideration is given 


to amino acid release in the digestive process 
(A. L. Sheffner, Gladys A. Eckfeldt, and 
H. Spector., J. Nutrition 60, 105 (1956)). 

Conditions were established for the in 
vitro digestion of proteins with pepsin 
(stomach enzyme), trypsin (pancreatic 
enzyme), and erepsin (intestinal enzyme). 
Pepsin digestion was carried on until about 
30 per cent of ingested reference protein 
(egg) nitrogen was available, based on 
microbiological assay for the constituent 
amino acids. This was based on feeding 
experiments which indicated that about 
30 per cent of egg protein nitrogen was 
absorbed before the chyme reached the 
area of the intestine where tryptic activity 
became significant. 

The patterns of the microbiologically- 
available 9 essential amino acids, plus 
cystine and tyrosine, present in the pepsin- 
digests of proteins and in the completely 
hydrolyzed residues, were recorded for 
casein and whole egg. There were large 
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differences between the 2 proteins in the 
amino acids released by pepsin. For example, 
isoleucine represented 24.3 per cent of the 
11 amino acids measured in the pepsin- 
digest of whole egg, whereas it was only 8.8 
per cent in the pepsin-digest of casein. 
Similarly the proportion of methionine in 
pepsin-digest of whole egg was 23 times as 
great as in pepsin-digest of casein. When 
the proteins were hydrolyzed to completion, 
the proportions of the 11 amino acids in 
the 2 hydrolysates were almost identical. 
From these results it is apparent that 
the pattern of amino acids varies as the 
acids are released in digestion, if it can be 
assumed that the in vitro digestion pro- 
cedures used simulated the physiological 
sequence in the digestive system of animals. 
Sheffner and associates devised an expres- 
sion of the nutritive values of a number of 
proteins (whole egg, egg albumin, lactal- 
bumin, soy flour, casein, brewers’ yeast 
and white flour) in terms of the “egg ratio” 
procedure of Oser (loc. cit.) as revised by 
Mitchell (loc. cit.). The following were 
essentially the calculations involved: The 
concentration was determined of the essen- 
tial amino acids in pepsin-digests and in 
the completely hydrolyzed proteins. Each 
amino acid was then calculated as the 
percentage of the sum of all of the essential 
amino acids (plus cystine and tyrosine) 
in the pepsin-digest and the residue frac- 
tion, the residue fraction representing the 
concentration of amino acids in the com- 
pletely hydrolyzed protein minus the con- 
centration in the pepsin-digest. For example, 
the microbiologically-available histidine in 
the pepsin-digest of whole egg was found 
to be 0.45 mg. The sum of the 11 amino 
acids (9 essentials, plus cystine and tyrosine) 
in the pepsin-digest was 163.5 mg. Histidine 
thus constituted 0.28 per cent of the sum 
of the amino acids in the pepsin-digest. 
The ratio of the percentage of each amino 
acid in the pepsin-digest of a test protein 
to the percentage of that amino acid in the 
pepsin-digest of whole egg provided the 
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“egg ratio.”’ The geometric mean of the 
egg ratios was then computed logarithmically 
by averaging the logarithms of the egg 
ratios and obtaining the antilogarithm. 
Similar egg ratios were also calculated for 
the residue fraction. In computing the egg 
ratios, percentage concentrations of amino 
acids in excess of those present in the 
reference protein (egg) were disregarded. 

The geometric means of the fractions 
(pepsin-digest and residue) were each 
multiplied by a factor to correct for the 
degree of proteolysis of the test protein 
relative to that of the reference protein. 
For example, the sum of the 11 amino acids 
in pepsin-digest of casein was 73.3 mg. and 
the sum for egg was 163.5. The former 
divided by the latter provided the factor 
needed to correct the geometric means of 
the egg ratios for pepsin-digest. 

To obtain an amino acid index for the 
whole test protein, the corrected geometric 
means of the pepsin-digest fraction and the 
residue fraction were weighted in accord- 


ance with the percentage each represented 
of the total of the reference protein. The 
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amino acid index thus obtained combines 
the pattern of essential amino acids obtained 
from the analysis of the pepsin-digest with 
the amino acid pattern of the remainder of 
the protein. This integrated index is re- 
ferred to by the authors as the Pepsin 
Digest-Residue (PDR) amino acid index. 
Comparison of the PDR amino acid 
indices of several proteins with their bi- 
ological values, as determined in the rat- 
feeding procedure, indicated very good 
agreement. The PDR index and the biologi- 
cal value (percentage of digested protein 
retained by the rat), respectively, were as 
follows: whole egg, 100 and 100; egg albu- 
min, 95 and 91; soy flour, 69 and 73; casein 
(Labco) 63 and 68; white flour, 49 and 41. 
The good agreement between PDR indi- 
ces and reported true biological values for 
proteins, as determined in animals, suggests 
that the in vitro procedure proposed by the 
authors may be reliable in predicting the 
nutritional quality of proteins. In addition 
to this aspect, the observed correlations sug- 
gest the importance of peptic digestion for 
optimum utilization of dietary protein. 


BIOTIN AND PURINE BIOSYNTHESIS 


Biotin has been the subject of considerable 
nutrition research. However, its exact bio- 
chemical function has not been clearly es- 
tablished. The vitamin is synthesized by the 
intestinal flora of most animals and in order 
to produce deficiency signs it is necessary to 
feed a sulfa drug to inhibit intestinal syn- 
thesis, or to feed raw egg white which con- 
tains the protein avidin. Avidin combines 
with biotin in the gastro-intestinal tract and 
blocks its absorption. Biotin deficiency signs 
have been described for many animals (Nu- 
trition Reviews 5, 355 (1947)). 

Biotin has been implicated in the process 
of carbon dioxide fixation. Perhaps the best 
example of this reaction in animals is the 
combination of pyruvic acid and carbon di- 
oxide to form oxaloacetic acid. It has been 


shown that in certain bacteria oxaloacetic 
acid or aspartic acid will replace the biotin 
requirement, and that bicarbonate stimu- 
lates the growth of certain bacteria only in 
the presence of biotin (Nutrition Reviews 5, 
346 (1947)). Such observations are the basis 
for the postulated role of biotin in carbon 
dioxide fixation. 

Another important metabolic process in- 
volving carbon dioxide fixation is the con- 
version of ornithine to citrulline. This is an 
important step in the cycle of urea forma- 
tion. Livers from biotin-deficient rats were 
found to convert ornithine to citrulline at 
only approximately 50 per cent of the normal 
rate (P. R. MacLeod, 8S. Grisolia, P. P. 
Cohen, and H. A. Lardy, J. Biol. Chem. 
180, 1003 (1949)). 
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Considerable data have accumulated 
which implicate biotin in purine biosynthe- 
sis. The intermediate steps in purine biosyn- 
thesis have been elucidated in recent years. 
Carbon dioxide is the precursor of the num- 
ber 6 carbon of the purine ring, and it is in- 
corporated in the conversion of aminoimid- 
azole ribotide to 5 amino-4-imidazolecarbox- 
amide ribotide. These 2 compounds are 
intermediates in the synthesis of purines 
from the simple precursors glycine, formate, 
carbon dioxide, and glutamine (Ann. Rev. 
Biochem, 25, 123 (1956)). The report of P. 
R. MacLeod and H. A. Lardy (J. Biol. 
Chem. 179, 733 (1949)) implicated biotin in 
purine biosynthesis. Normal and biotin-de- 
ficient rats were injected with C™ sodium 
bicarbonate and the tissue purines were sub- 
sequently isolated. It was found that the 
incorporation of the C™ into adenine and 
guanine was considerably reduced in the 
biotin-deficient rats. 

Using a different approach, N. Chamber- 
lain, N. 8. Cutts, and C. Rainbow (J. Gen. 
Microbiol. 7, 54 (1952)) obtained evidence 
relating biotin to purine formation. It was 
found that when yeast which did not require 
purines in the media were grown in a biotin- 
deficient medium an arylamine accumulated 
in the culture fluid. The results indicated 
that this amine was a purine precursor 
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which accumulated as the result of a block 
in the synthetic pathway. This block was 
then related to the absence of biotin in the 
medium. 

This observation has been extended by A. 
G. Moat, C. N. Wilkins, Jr., and H. Fried- 
man (J. Biol. Chem. 223, 985 (1956)). Yeast 
cells were grown in a chemically defined 
medium containing no purines and with, and 
without, biotin. Again the arylamine accu- 
mulated in the culture medium of the biotin 
deficient yeast. Sufficient material was accu- 
mulated for chemical study and the amine 
was tentatively identified as 4-aminoimid- 
azole. Since in the process of purine bio- 
synthesis 4-aminoimidazole ribotide is con- 
verted to 4-amino-5 imidazolecarboxamide 
ribotide by a process of carbon dioxide fixa- 
tion, these results indicate that in biotin-de- 
ficient yeast the fixation of carbon dioxide in 
the number 6 carbon of the purine ring is 
blocked. 

The combined results of these experiments 
indicate that biotin is required for purine 
biosynthesis and that this requirement is 
another manifestation of the role of biotin 
in carbon dioxide fixation. The next logical 
step will be the isolation and characteriza- 
tion of the actual biotin containing co- 
enzyme. 


REPRODUCTION ON AMINO ACID DIETS 


The recent studies by M. O. Schultze at 
the University of Minnesota, St. Paul, have 
established that reproduction in rats can be 
supported on protein-free amino acid rations 
of the purified type (Nutrition Reviews 13, 
314 (1955)). In these initial studies it was 
recognized that the number of pregnancies 
and lactations completed under such condi- 
tions was too limited to draw broad conclu- 
sions as to the adequacy of such diets. The 
results, however, suggested that a combina- 
tion (mixture 1) of the 10 essential amino 
acids required by the growing rat, when fed 


with ammonium citrate and in the propor- 
tions suggested by W. C. Rose and L. C. 
Smith (J. Biol. Chem. 187, 687 (1950)), did 
not support reproduction as effectively as a 
combination (mixture 2) of 16 amino acids 
(10 essential and 6 non-essential) patterned 
after their distribution in casein. In these 
studies it was established that the mortality 
rate of newborn rats was relatively low un- 
der these dietary conditions and that the 
need for an “animal protein factor” for the 
prevention of this mortality thus seemed 
remote. 
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These studies have been extended (M. O. 
Schultze, J. Nutrition 60, 35 (1956)). Over 
200 pregnancies and lactations are reported 
with use of the above amino acid mixtures 
and with certain modifications. Data are 
thus presented in considerable volume in 
support of the view that it should be pos- 
sible in the near future to define chemically 
the nutritional needs of the reproductive 
process in the rat. 

It is not possible to present here the vo- 
luminous data on all of the amino acid mix- 
tures employed. The earlier observation was 
confirmed that the amino acid mixture pat- 
terned after casein (mixture 2) resulted in 
better reproductive performance than one 
patterned after the mixture recommended 
for growing rats (mixture 1). 

The equimolar substitution of L-glutamic 
acid for glycine, pL-alanine, and pL-aspartic 
acid, of pL-phenyl]-alanine for L-tyrosine, and 
the substitution of pi-methionine for L-cys- 
tine (2x molar) in mixture 2 provided a mix- 
ture containing only the 10 essential amino 
acids and the non-essential, L-glutamic acid 
(mixture 3). This mixture was somewhat less 
effective than mixture 2 in supporting 
growth of nursing young and in the preven- 
tion of weight loss in the females during 
lactation. 

Amino acid mixture 2, when fed at a level 
of 12.2 per cent in the purified diet, supplied 
a dietary level of 7.47 per cent of the essen- 
tial amino acids. This diet resulted in aver- 
age weight of young (11 litters, average of 7 
per litter) of 28 g. after 28 days of nursing. 
When the same mixture was fed at a level 
of 18.3 per cent of the diet, the 28-day wean- 
ing weights were considerably improved 
(41.2 g. from an average of 38 litters). 

Although these observations represent a 
high degree of success, it is recognized that 
none of the amino acid diets was adequate 
for the support of normal lactation and 
growth of nursing young. 

It should be emphasized that a number of 
the animals represented in these reproduc- 
tive studies were from stock in which the 
parent generation and 2 successive filial gen- 
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erations had subsisted on the protein-free- 
amino acid diets. There was no evidence in 
successive pregnancies or generations of a 
progressive deterioration of the ability to re- 
produce or lactate. 

The purified diets employed contained 
only 3 per cent fat (2 per cent of wheat germ 
oil and 1 per cent of corn oil). In view of 
the observation that nitrogen equilibrium on 
amino acid diets required a high caloric in- 
take (W. C. Rose, M. J. Coon and G. F. 
Lambert, J. Biol. Chem. 210, 331 (1954)), 
Schultze improved the caloric density of the 
amino acid diet by substituting 10 per cent 
of hydrogenated vegetable oil for 10 per cent 
of sucrose. This did not improve the repro- 
ductive performance of the amino acid diet. 

None of the amino acid diets supported 
normal growth of the young after weaning. 
Weight gains ranged between 65 g. and 109 
g. in six weeks on the various diets, con- 
trasted with post-weaning gains of about 
150 g. in six weeks as a normal gain in the 
same strain when fed natural diets. In gen- 
eral, the amino acid mixtures that provided 
maximum growth of nurslings also supported 
the best post-weaning gains. 

On all of the amino acid diets, the livers 
of the mothers became greatly enlarged and 
very fatty during lactation (L. E. Hallanger 
and M. O. Schultze, J. Nutrition 60, 25 
(1956)). When lactation was supported by 
an adequate diet, some hypertrophy of the 
liver was observed but the fatty condition 
did not develop. 

Since the amino acid diets were apparently 
adequate in lipotropic factors to prevent 
fatty livers in mature rats which were not 
lactating, the development of fatty livers 
during lactation emphasizes the stress placed 
upon the female to meet the demands of milk 
production. 

Reproduction and lactation studies are 
time-consuming, difficult, and often dis- 
couraging. Therefore, the Minnesota workers 
are to be congratulated for pursuing this 
often neglected area of nutrition and for the 
real progress that has been made toward de- 
fining the nutritional needs of reproduction. 
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SEROTONIN, 5-HYDROXYINDOLEACETIC ACID AND CANCER 


Certain malignant carcinoids of the bowel, 
called argentaffinomas because of their stain- 
ing with silver salts, have been found to 
contain serotonin (5-hydroxytryptamine) in 
increased amounts. F. Lembeck (Nature 172, 
910 (1953)) assayed such a tumor obtained 
at autopsy and found it contained 2.5 mg. 
of serotonin per milligram wet weight of the 
tumor. Serotonin has potent pharmacologic 
effects (constrictor) on smooth muscle, par- 
ticularly that of the blood vessel walls, bron- 
chi, and intestine. Since this compound pos- 
sesses the indole ring, it is chemically related 
to tryptophan. Serotonin can arise in vivo 
from the amino acid tryptophan in a two- 
stage reaction which involves adding a hy- 
droxy group in the 5 position and decarboxy!l- 
ation. Unless one assumes the de novo 
formation of the indole ring, this compound 
can only be derived from the amino acid 
tryptophan. 

A. Sjoerdsma, H. Weissbach and 8. Uden- 
friend (Am. J. Med. 20, 520 (1956)) have 
reported clinical, biochemical, and physio- 
logic changes in 6 patients with malignant 
carcinoid. They found that normal individ- 
uals excreted about 2 mg. to 9 mg. of 5- 
hydroxyindoleacetic acid per day in the 
urine. Serotonin is believed to be converted 
to 5-hydroxyindoleacetic acid in the body, 
and the latter excreted in the urine. In the 
case of normal individuals, feeding of in- 
creased amounts of protein or the amino 
acid tryptophan did not increase the amount 
of 5-hydroxyindoleacetic acid in the urine. 

In contrast, the patients with the carci- 
noid were excreting between 76 mg. to 580 
mg. of 5-hydroxyindoleacetic acid per day 
in the urine, and if the tryptophan content 
of the diet was increased the amount of this 
acid present in the urine increased. In a 
leading experiment one patient with carci- 
noid received 3.7 g. of tryptophan and had 
a further increase in excretion of 5-hydroxy- 
indoleacetic acid, but the increase was not 
proportional to the increased intake of the 
amino acid. This was interpreted as indicat- 


ing that the sites of formation for the acid 
were being saturated by this amount of 
tryptophan. 

Recently E. Boyland, J. E. Gasson, and 
D. C. Williams (Lancet II, 975 (1956)) have 
reported increased amounts of both sero- 
tonin and 5-hydroxyindoleacetic acid in the 
urine of 6 patients having argentaffinoma. 
One patient excreted a trace of serotonin and 
the others excreted from 1.4 mg. to 13 mg. 
per liter of urine per 24 hours. Sjoerdsma 
and associates noted that patients with this 
type of malignancy were excreting 1 mg. to 
2 mg. of serotonin in the urine per day, 
while normal individuals excreted less than 
0.1 mg. per day. 

Boyland and associates also studied the 
excretion of serotonin and 5-hydroxyindole- 
acetic acid in the urine of patients having 
malignancies at other sites. The chemical 
methods they employed consisted of adsorb- 
ing the metabolites on charcoal and then 
eluting them with aqueous phenol. The dif- 
ferent compounds were then determined by 
use of paper chromatography. The excretion 
of serotonin and 5-hydroxyindoleacetic acid 
was determined, after feeding 2 g. of 1-tryp- 
tophan, in the urine of patients with cancer 
at the following sites: breast, bronchus, 
prostate, bladder, pyriform fossa, and vocal 
cords. In addition they assayed the urine of 
16 normal individuals and found no excre- 
tion of serotonin or 5-hydroxyindoleacetic 
acid. While the absence of serotonin in the 
normal urine is a finding substantially in 
agreement with the work of Sjoerdsma, 
Weissbach and Udenfriend, the finding of 
the absence of 5-hydroxyindoleacetic acid is 
at variance with the work of the latter 
group. 

This discrepancy need not be too impor- 
tant if one considers only the differences in 
concentration of serotonin and 5-hydroxy- 
indoleacetic acid in the urines of cancer and 
non-cancer patients, since the methods em- 
ployed by one of the groups may have 
greater sensitivity. Of the 12 patients who 
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had cancer of the vocal cords, all of them 
had either serotonin or 5-hydroxyindoleace- 
tic acid in the urine as did 6 of the 7 patients 
with cancer of the bronchus and 4 of the 5 
individuals with cancer of the pyriform fossa. 
In the patients with cancer at other sites 
studied (e.g. breast, bladder, or prostate) 
there was no significant increased excretion 
of these metabolites of tryptophan. Thus, 
according to this work of Boyland and asso- 
ciates, the patients with cancer of the larynx, 
pyriform fossa, and bronchus had an in- 
creased amount of 5-hydroxyindoleacetic 
acid or serotonin in the urine following the 
feeding of 2 g. of 1-tryptophan, as compared 
to normal individuals, but considerably less 
than that found in the urine of patients with 
argentaffinomas. 
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The relationship between the metabolism 
of tryptophan and the presence of metabo- 
lites of tryptophan in the urine of patients 
with tumors which are known to have a high 
content of serotonin (such as malignant car- 
cinoids of the bowel) can be partially ex- 
plained. The increased amount of these me- 
tabolites in the urine of patients having 
cancer of the bronchus, larynx, or pyriform 
fossa is more difficult to understand since 
these areas are not known to have elevated 
serotonin titers. Perhaps increased coopera- 
tion between the histochemist, the nutrition- 
ist, the biochemist and the clinician would 
produce considerable information concern- 
ing the reason for the increased excretion of 
tryptophan metabolites in the urine caused 
by these abnormal tissues. 


CORTISONE AND RESISTANCE TO INFECTION 


An understanding of the concepts of hor- 
mone function, as well as a knowledge of the 
general metabolic and nutritional implica- 
tions of the hormones of the adrenal cortex, 
are necessary to the comprehension of the 
role of the adrenal corticoids in relation to 
resistance to infection. (F. L. Engel, Sym- 
posia sect. microbiol., N. Y. Acad. Med. 6, 
6 (1958)). 

The endocrine glands control the mainte- 
nance of the metabolic equilibrium. Small 
variations in the amounts of the various in- 
ternal secretions result in compensatory var- 
iations in the circulating level of antagonistic 
hormones, as well as in alterations in the 
metabolic processes specifically catalyzed by 
the endocrine substances. Metabolic proc- 
esses occur in the absence of the various 
hormones, but in their presence the rate of 
reaction is enhanced. The function of hor- 
mones in metabolism has partially been elu- 
cidated by observing the effects of dietary 
imbalances achieved by feeding excessive or 
inadequate amounts of carbobydrate, fat, 
protein, or vitamins either in the absence of 
the gland or in the presence of an overdosage 


of the principle under observation. Such 
studies are suggestive rather than conclusive 
because the amounts of drug used frequently 
are not physiological, and the role of other 
hormones acting either synergistically or an- 
tagonistically is difficult to assess. Metabolic 
alterations due to cortisone overdosage in- 
clude decreased glycogen synthesis from glu- 
cose and at the same time increased levels of 
liver glycogen and blood sugar as a result of 
increased gluconeogenesis from amino acids. 
Protein synthesis and growth are inhibited 
by cortisone, but the net effect is due to a 
summation of anabolic and catabolic com- 
ponents. For example liver protein increases 
but lymphoid tissue, thymus, spleen, and 
skin contain less protein, and nitrogen ex- 
cretion may exceed the intake. Realization 
of the importance of adequate protein nutri- 
tion in improving resistance to infection (P. 
R. Cannon Nutrition Reviews 7, 161 (1949)) 
as well as the implication of lymphoid tissue 
as an important source of antibody, has 
stimulated a search for a relationship be- 
tween cortisone and resistance to infection. 
The early observations of thymus enlarge- 





158 


ment in Addison’s disease or after adrenalec- 
tomy followed by the description of involu- 
tion of lymphoid structures resulting from 
stress, led to the conclusion that increased 
adrenal cortical secretion was responsible 
for the involution of these structures. (H. 
Selye, Am. J. Physiol. 116, 141 (1936)). Al- 
though it is well known that the intact 
lymphoid tissues play an essential role in the 
development of the immune response, the 
results of experiments endeavoring to deter- 
mine the effect of cortisone or adrenal corti- 
cal hyperactivity on immunity are confusing. 
Because of the possibility that the lack of 
uniformity in the action of cortisone on re- 
sistance to infection is different in various 
species, J. Shewell and D. A. Long (J. Hy- 
giene 54, 452 (1956)) tested the responses of 
several species of animals to large doses of 
cortisone acetate. Body weights, organ 


weights, level of circulating gamma globulin, 
and level of circulating antitoxin were ob- 
served. 

Young adult animals of the following spe- 


cies and initial weights were used: Parker’s 
strain of albino mice (25 g.), hooded rats 
(175 g.), Hampstead strain of albino guinea- 
pigs (500 g.), Himalayan rabbits (1500 g.), 
albino ferrets (500 g.) and Rhesus monkeys 
(3000 g.). Groups of ten males and ten fe- 
males were weighed daily for ten days in or- 
der to learn their normal fluctuations in 
weight. Subsequently, cortisone acetate was 
injected intramuscularly (50 mg. per kilo- 
gram of body weight) for another ten days 
after which the animals were killed and or- 
gan weights and histological specimens were 
obtained. It is worth questioning whether or 
not different results would have been ob- 
tained if the cortisone dosage had been cal- 
culated on a surface area basis rather than 
body weight. 

Of all the species tested, only the monkey 
and guinea-pig maintained their weight 
while receiving cortisone acetate. Both males 
and females of the animals sensitive to the 
wasting effects of cortisone lost weight in 
proportion to the dose given, but, unexpect- 
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edly, the resistant animals did not undergo 
weight loss even at a dose level of 50 mg. per 
kilogram. Partial involution of thymus oc- 
curred in all species tested, but the greatest 
atrophy was shown by those animals in 
which body weight decreased. Similar sensi- 
tivity differences were reflected in the varia- 
tions in spleen size of the two groups of 
animals. The liver weight to body weight 
ratio increased in all species and a marked 
decrease in adrenal weight was seen in all cor- 
tisone-treated animals. No changes in weights 
of sex organs or thyroid were observed. 

Electrophoretic analysis of serum from 
guinea-pigs, monkeys, and rabbits showed 
that gamma globulin concentration was nor- 
mal in cortisone resistant animals. Complete 
suppression of the gamma globulin peak was 
seen in the sera of cortisone-treated rabbits, 
however. A study of the effect of cortisone 
on the circulating antitoxin levels was made 
after immunization of the rabbits and mon- 
keys with diphtheria toxoid. Two doses of 
antigen were given 28 days apart and the 
cortisone injections were started on the 
twenty-eighth day. Both groups of monkeys 
had the same average values for antitoxin 
(14.0 1.u. per milliliter). The cortisone- 
treated rabbits all had less than 1.0 1.v. per 
milliliter, while the control rabbits all had 
more than 7.5 1.v. per milliliter. Thus, the 
rapid synthesis of antibody protein occur- 
ring as an anamnestic response to the second 
dose of antigen is influenced by cortisone in 
some species and not in others. 

From this study it was apparent that rats, 
mice, rabbits, and ferrets are all cortisone- 
sensitive while the Rhesus monkey and 
guinea-pig resemble man in being resistant 
to cortisone. This report may help to resolve 
some of the conflicting results which have 
previously been reported about the effects of 
adrenal corticoids on circulating antibody. 
It may also stimulate interest in the reasons 
for the variations in the antibody-forming 
capacity from species to species. This is an 
important problem in comparative biology 
which needs further study. 
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Folacin and Histidine Metabolism 


Several lines of evidence have implicated 
folacin in the metabolism of histidine. It was 
shown that folacin-deficient rats excreted in 
the urine a derivative of glutamic acid which 
had the properties of formiminoglutamic 
acid (H. Tabor et al., J. Am. Chem. Soc. 76, 
756 (1953)). Formiminoglutamic acid has 
been shown to be an intermediate in the 
metabolic conversion of histidine to glu- 
tamic acid (B. A. Borek and H. Waelsch, 
J. Am. Chem. Soc. 76, 1772 (1953)); H. 
Tabor and A. H. Mehler, J. Biol. Chem. 210, 
559 (1954)). The number two carbon of the 
imidazole ring of histidine may be incorpo- 
rated into various “‘one-carbon” compounds 
such as formate and methyl (J. C. Reid and 
Martha O. Landefeld, Arch. Biochem. 34, 
219 (1951); D. B. Sprinson and D. Ritten- 
berg, J. Biol. Chem. 198, 655 (1952); M. 
Toporek, L. L. Miller, and W. F. Bale, J. 
Biol. Chem. 198, 839 (1952)), and the par- 
ticipation of folacin derivatives in ‘“one- 
carbon” metabolism is well established (Nu- 
trition Reviews 18, 56 (1955)). 

The accumulation of formiminoglutamic 
acid in folacin-deficient rats suggested that 
the subsequent metabolism of the compound 
required folacin coenzymes. Recent reports 
from two laboratories have supported this 
suggestion (A. Miller and H. Waelsch, Arch. 
Biochem. Biophys. 63, 263 (1956); H. Tabor 
and J. C. Rabinowitz, J. Am. Chem. Soc. 78, 
5705 (1956)). It was found that enzymes 
present in liver catalyzed the formation of 
formiminotetrahydrofolic acid and glutamic 
acid from formiminoglutamic acid and tetra- 
hydrofolic acid. The latter compound is pro- 
duced metabolically by the reduction of 
folacin. The formiminotetrahydrofolic acid 
is in turn enzymatically converted to n-10- 
formyltetrahydrofolic acid and ammonia. 
Abundant evidence indicates that the formyl] 
group of n-10-formyltetrahydrofolic acid is 
available for transformylation reactions (L. 
Jaenicke, Biochim. et biophys. acta 17, 588 


(1955)); G. R. Greenberg, L. Jaenicke, and 
M. Silverman, Biochim. et biophys. acta 17, 
589 (1955)). 

The formation of formiminotetrahydro- 
folic acid from formiminoglycine has been 
demonstrated in experiments with bacterial 
extracts. Thus this compound may be a 
widespread folacin derivative (R. D. Sagers, 
J. V. Beck, W. Gruber, and I. C. Gunsalus, 
J. Am. Chem. Soc. 78, 694 (1956); J. C. 
Rabinowitz and W. E. Pricer, Ibid. 78, 4176 
(1956); J. C. Rabinowitz and W. E. Pricer, 
Ibid. 78, 5702 (1956)). 

The results of these experiments permit a 
formulation of the biochemical steps in the 
production of an active “‘one-carbon”’ frag- 
ment from histidine: Histidine — Urocanic 
acid — formiminoglutamic acid — formimi- 
notetrahydrofolic acid — Nn-10-formyltetra- 
hydrofolic acid. Glutamic acid and ammonia 
would be additional products of this meta- 
bolic transformation. 


The Biochemical Lesion in Galactosemia 


The disease galactosemia was discussed 
in a recent review (Nutrition Reviews 14, 
§ (1956)). It was pointed out that the condi- 
tion is probably the result of an inborn 
metabolic error in galactose metabolism. 
The precise biochemical lesion responsible 
for this disease has now been elucidated 


(K. J. Isselbacher, E. P. Anderson, K. 
Kurahashi, and H. M. Kalckar, Science 
123, 635 (1956)). 

The conversion of galactose to glucose in- 
volves four enzymatic steps. Galactose in 
the presence of adenosine triphosphate is 
converted to galactose-l-phosphate by the 
enzyme galactokinase. Galactose-1-phos- 
phate then reacts with uridine diphospho- 
glucose to form uridine diphosphogalactose 
plus glucose-1-phosphate. The enzyme which 
catalyzes this reaction is phosphogalactose- 
uridyl transferase. The uridine diphos- 
phogalactose is converted to uridine di- 
phosphoglucose by the enzyme galacto- 
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Waldenase. Finally, the uridine diphospho- 
glucose in the presence of pyrophosphate 
is converted to glucose-l-phosphate and 
uridine triphosphate. The enzyme for the 
reaction is called pyrophosphate-uridyl 
transferase. 

All these reactions are reversible with 
the exception of the first. Isselbacher et al. 
(loc. cit.) determined the activities of each 
of these steps in the conversion of galactose 
to glucose using hemolysates of red cells 
from normal and galactosemic subjects. 
The results were quite clear-cut. The 
hemolysates from galactosemic individuals 
were essentially devoid of phosphogalactose- 
uridy] transferase. The other three enzymes 
concerned in the conversion of galactose to 
glucose were present in normal quantities 
in the galactosemic hemolysates. These 
results thus show that the biochemical 
lesion in galactosemia is a block in the forma- 
tion of uridine diphosphogalactose from 
galactose-l-phosphate and uridine diphos- 
phoglucose. 


Block in Ascorbic Acid and Synthesis by 
Guinea Pigs 


It is well known that primates and guinea 
pigs require an exogenous source of ascorbic 
acid, whereas most common laboratory ani- 
mals are able to synthesize this vitamin. 
The biochemical steps in the synthesis of 
ascorbic acid by the rat are: glucose — 
p-glucuronic acid lactone — L-gulonolactone 
— L-ascorbic acid (Nutrition Reviews 12, 155 
(1954)). At least one of the metabolic blocks 
in the synthesis of ascorbic acid by guinea 
pigs has been elucidated (J. J. Burns, P. 
Peyser, and A. Moltz, Science 124, 1148 
(1956)). 

Rats and guinea pigs were injected with 
L-gulonolactone-l-C“. After 24 hours from 7 
to 9 per cent of the administered C™“ was 
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present in the tissue ascorbic acid of rats. 
In contrast there was no appreciable conver- 
sion of this compound to ascorbic acid in 
guinea pigs. In other experiments liver prep- 
arations from rats and guinea pigs were in- 
cubated with L-gulonolactone-]-C™ and the 
incorporation of the C™ into ascorbic acid 
was measured. Again the rat liver converted 
appreciable quantities of the intermediate 
into ascorbic acid while the guinea pig liver 
was inactive. These results demonstrate at 
least one metabolic block in the synthesis of 
ascorbic acid by guinea pigs, the conversion 
of gulonolactone to ascorbic acid. 


Recent Nutrition Books 


The XIV. Japan Medical Congress. Parts I 
and II. April 1-5, 1955. Edited by The 
Bureau of Archives, The XIV. Japan 
Medical Congress at the Faculty of Med- 
icine, Kyoto University. 

The Everlasting Pleasure. A history of cook- 
ery from 1565 to the year 2000. Kathleen 
Ann Smallzried. Appleton-Century-Crofts, 
Inc., 1956. Pp. 344. Price $6.00. 

Nutrition in Health and Disease. Lenna F. 
Cooper, B.S., M.A., M.H.E., Se.D., 
Edith M. Barber, B.S., M.S., Helen 8. 
Mitchell, A.B., PhD., and Henderika J. 
Rynbergen, B.S., M.S. J. B. Lippincott 
Company, Philadelphia and Montreal. 
Twelfth edition. 1956 printing with new 
tables and food plans. Pp. 790. 

Teaching Nutrition in Nursing. Fourth Edi- 
tion. By Henderika J. Rynbergen. Pub- 
lished by J. B. Lippincott Company, Phil- 
adelphia, 1956. Pp. 142. 


Erratum 


Nutrition Reviews 14, 294 (1956). Vitamin 
By Serum of Aged Individuals. On line 14 
of this review, the phrase ‘from 80 to 99 
years” should read ‘from 8 to 99 years.” 
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